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INTEODUCTOEY. 



We are accustomed to call those motors " Gas 
Engines " in which the work performed is effected by 
means of heat generated by the combustion of illumi- 
nating or similar gas. 

Older writers conceived the idea on a broader basis, 
and interpreted the term to include all machines of 
energy wherein expansion of even permanent gases was 
effected ; they thus included hot air engines. 

But in this sense we might call the first cannon the 
oldest gas engine. 

Abbe Hautefeuille appears to have been the first, in 
the year 1678, who invented a powder machine. In 
his miscellaneous writings he explains how by detona- 
tion of powder in a closed vessel provided with valves, 
and then afterwards on the cooling of the existing com- 
bustion products, a partial vacuum is caused, we may 
be enabled to construct a machine for the raising of 
water. Furthermore, he describes a second apparatus 
which consists of a vertical pipe provided with several 
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PREFACE. 



Motive-powers have a division by natural selection into 
two classes — large and small. The latter might again be 
divided into manufacturing and domestic. Large powers 
have been, and are for some considerable period in the 
future likely to be, provided by steam and water. By large 
powers are here meant thousands of horse-power. 

But, for the hundreds of horse-power required in daily 
increasing manufactures the gas engine is at present 
adapted, and has an economy in application rivalling even 
the steam engine. For the tens and units of horse-power 
employed in our smaller industries and in domestic require- 
ments the gas engine has become unique. 

And it is very strange that an industrial machine having 
ISO wide-spread application should have no literature. 
That this is so is sufficient apology for the issue of this 
work, however great its sins of omission. 

That the work should be exhaustive has not been the 
aim : rather that it should be typical. In this view an 
historical machine has, in some instances, been described, 
instead of the engine, as mechanically more nearly perfect, 
for the reason that the principle is mor^ clearly shown by 
the earlier design. Yet in every such instance reference 
will be found to have been made to the latest patents. 

In dealing with the theory of the gas engine all refer- 
-ences to the cycles of Camot and to the engine considered 
-as a theoretical heat engine have been very carefully 
avoided. For in practice the gas engine has no affinity 
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whatever to these cycles ; except such as a straining of 
the truth to so great an extent as to exclude the effect 
of the most important practical factors — as the cooling 
effect of cylinder walls — might obtain. This is very clearly 
proved by a careful and unbiassed study of the practical 
cycles of the machine as given by the indicator-diagram ; 
and is involved in the consideration of the superior effi- 
ciency of high piston velocities. The superior economy 
of compression engines and the relatively closely succeed- 
ing standard of the free-piston engines are facts that have 
not yet been satisfactorily correlated by any merely theo- 
retical thermo-dynamic consideration. Hence, in the 
portion of the work devoted to the theory of the gas engine, 
the readers attention has been confined to the deductions 
that have been obtained from experiments made by the 
best authorities. In addition to these experimental results 
are those given as confirming the clearest views to be had 
on the important but little studied subjects of the velocity 
of propagation of combustion in gaseous mixtures and of 
the explosion wave. 

In conclusion the Author would refer to the table of 
contents as to the division of the work ; and he wishes to 
point out that perfect independence of position and thought 
has been sought. 

W. M. 
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INTEODUCTORY. 



We are accustomed to call those motors " Gas 
Engines " in which the work performed is effected by 
means of heat generated by the combustion of illumi- 
nating or similar gas. 

Older writers conceived the idea on a broader basis, 
and interpreted the term to include all machines of 
energy wherein expansion of even permanent gases was 
effected ; they thus included hot air engines. 

But in this sense we might call the first cannon the 
oldest gas engine. 

Abbe Hautefeuille appears to have been the first, in 
the year 1678, who invented a powder machine. In 
his miscellaneous writings he explains how by detona- 
tion of powder in a closed vessel provided with valves, 
and then afterwards on the cooling of the existing com- 
bustion products, a partial vacuum is caused, we may 
be enabled to construct a machine for the raising of 
water. Furthermore, he describes a second apparatus 
which consists of a vertical pipe provided with several 
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backstroke valves, lying over one another. To which 
vertical pipe a horizontal pipe is attached, which lies 
in water, and in the middle a short additional pipe 
branches off. The powder is placed in this vertical 
continuation of the horizontal tube. Here the water is 
driven on high, through the expansion of the powder 
gases ; so that Hautefeuille might be regarded as the 
inventor of atmospheric as well as of direct gas motors. 
Cylinder and piston, however, were first employed by 
Hayghens, who designed, about 1685, a powder ma- 
chine. 

Papin describes, as thought out by him, in the 
proceedings of the Leipsic Academy for 1688, a simi- 
lar machine provided with regular valves. The labours 
of these pioneers were not crowned with success, and 
the gas engine remained in this embryo condition for 
more than a hundred years. 

Towards the end of the last century attempts were 
made to employ the expansive force of permanent gases 
in motors. In the year 1791, John Barber took out a 
patent in this country for the production of force 
through the combustion of hydrocarbons in air. It is 
shown by his description that he desired to turn into 
gas, by means of external firing, wood, coal, oil, or 
other combustible stuff, mixing the product with air in 
a second vessel, which he calls the exploder. The 
mixture on its running out of the latter vessel was 
ignited so that the issuing flash turned a paddle-wheel or 
fan. He also says it was an object to inject a little 
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water into the exploder in order to strengthen the force 
of the flash. 

In a patent which Robt. Street took out in 1794, a 
piston engine is described, in the cylinder of which coal 
tar, spirit, or turpentine is rendered gaseous in the first 
instance, and then ignited by a light, which bums out- 
side the cylinder, and at the proper time may be 
placed in connection with the gases to be ignited. 
Through the explosion the piston is thrown up and 
moves a weight on which the work of the engine 
depends. The whole is, however, very imperfectly 
arranged. 

To the engines already named is to be added that of 
Pranzose Lebon. In an additional patent of 1801 to 
his earlier patent, on the construction of a furnace for 
the production of illuminating gas, he describes a ma- 
chine which could be driven with such gas, and corre- 
sponding completely with our present gas motors. For 
example, by means of two pumps he compresses air and 
gas, separately into a recipient ; here the constituent 
parts unite, and the mixture is ignited. The combus- 
tion products, whilst they are expanding, overflow into 
e» double working cylinder, driving the piston and doing 
work on both sides. For the ignition, however, the 
inventor recommends an electric machine, which, like 
the two pumps, should be driven by the motor itself. 

From this time forward the number of new construc- 
tions increases. It would lead us too far to detail them 
all ; only the most important will be noticed. 
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In 1828, Samuel Brown specified the arrangement of 
an atmospheric gas engine. Below the piston in a 
cylinder, open at the top, and provided with a water- 
jackety is the mouth of a gas pipe. If the piston is in 
its lowest position then the gas issues from the con- 
ducting pipe, and is ignited outside the cylinder, at a 
flame which can strike through an opening into the 
interior. This opening is closed whilst the piston, by 
the active force of the fly-wheel, is moved upwards, so 
that at first a strong flame bums in the cylinder ; this 
expands the air, so that a part of it disappears through 
valves in the piston. These close so soon as the piston 
has reached its highest point. As a consequence of 
cooling with water, the tension behind the piston sinks 
quickly and the exterior pressure of air drives it down. 
If, however, the difference of tension is equalised, the 
piston valves re-open, the combustion products escape, 
and fresh air can enter. The machine is double- 
working, as two cylinders are in use, the pistons of 
which are connected by a working beam. Such a 
motor has been built in Paris without exhibiting any 
result. 

A direct and certainly double-working machine was 
patented in 1833, by Wright, in which, according to 
the inventor's expression, a mixture of combustible gas 
and air was to operate like the steam in a steam engine. 
This machine shows essential progress compared with 
previous projects ; it stands nearly on a level with 
modern constructions, has a water-jacket, etc., and 



EARLY VIEWS. 5 

:flaine ignition, and is provided with a centrifugal regula- 
tor, which regulates the air and gas supply in propor- 
tion to the requirements of the work, so that the total 
quantity of gas may remain the same, and consequently 
the condition of the mixture unchanged. 

After this a whole series of English and French 
patents, which merely refer to hydrogen motors, are 
less worthy of attention. Only one, specified by Johnson, 
in 1841, need be mentioned, as it pointed to the 
explosive working effect of a mixture of oxygen and 
hydrogen, as well as to utilising the effect of the vacuum 
after the combustion. 

In contrast to later extravagances, how justly the 
value of gas engines was recognised is shown in a letter 
by Cheverton, who wrote in 1826 : — " It has been the 
wish for a long time of the practical mechanic to 
succeed in the possession of a dynamic engine which is 
always ready for work without costing too much to 
drive, and causing no loss of time in preparation. 
These properties would make it in every case applicable 
when only a small force is necessary at irregular times ; 
and the avoidance of manual force is so important that 
the advantages which society would derive from such a 
machine would be incalculable, even if the cost should 
be much greater than with the employment of steam.*' 

Like the numerous constructions of the following two 
decades, which do not exhibit much that is new, all 
these machines remain strange to the great circle of 
technists ; only in 1860, the Frenchman Lenoir 
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ceeded in constrncting a gas motor which appeared to 
be useful. The patent dates from the 24th January, 
I860, and in a short time afterwards, several such 
machines, built by the manufacturer Marinoni, were at 
work in Paris. 

They caused unusual attention, and justly so; as 
unscrupulous claims were everywhere put forward as to- 
the inventions. In nearly all technical journals of that 
year we find the most fabulous reports. That the last 
hour of the steam engine had struck was without any 
doubt. This gas engine, independent of all other con- 
siderations, worked much more economically than the 
former. It was given out that whilst the working cost 
of a 4 -horse-power steam engine in Berlin, with 4*6 kilo- 
grammes consumption of coal, per horse-power per 
hour would represent 6' 5 7 shillings daily, the new 
motor claimed for the same performance only 3*42 
shillings ; and similar exaggerations were frequent. 

It is just to state, however, that the engine, at the 
beginning, worked tolerably well, as they were care- 
fully constructed and finished. Through these good 
properties, many persons were led into giving orders, 
without any proof of the cost of working ; these orders 
were so numerous that a special company was formed 
— ^the Lenoir Company — ^to undertake the construction* 
Afterwards, when these motors came into work, and 
the gas bills appeared, the enthusiasm fell off in an 
important degree ; for whilst the users began on the 
supposition of a half cubic metre consumption of gas for 
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one horse-power per honr, the brake exhibited, with 
nnerring certainty, that three cubic metres average, at 
least, were required, and with bad attendance, still 
more. On that account, the greater part of the 
machines in active work fell into complete disuse, and 
the new motor was, in all directions, badly named. 
It was observed sarcastically that it required "no 
heater, but only a lubricator." 

As is frequently the case, the truth lay half way. 
The machine was neither so good as it was said to be 
at the beginning, nor so bad as was stated later on. 
When it was first brought into practice in the work- 
shop, it was even called very good ; it worked, with 
careful handling, quietly and pretty certainly, only 
much too dearly. Its good qualities then contributed 
towards its maintaining its hold in many places, par- 
ticularly in aU where local circumstances, as the 
irregularity in the requirements of work, excluded the 
employment of a steam engine, and the question of 
cost was not taken into account too closely. It was 
preferred, for a long time, by many on account of its 
noiseless action — ^the atmospheric engine appearing 
about 1867 — and it was even exhibited in Vienna, 
1878. 

Lenoir's priority as inventor of the gas engine was 
hotly contested by the director of the Parisian gas- 
works, Hogon, and by the Munich watchmaker, Beith- 
xnonn. 

The first referred to his patent of the 11th Sept., 
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1858 ; the latter, to having worked a gas engine the 
same year ; and in it there was claimed even, that the 
mixture was compressed before ignition. 

If we take from Lenoir the merit of the invention of 
the gas engine, then this merit applies neither to 
Hugon nor Beithmann, but perhaps to Barber or 
Street. Lenoir's merit does not lie in his having 
been the fijrst to think out the details of a gas engine, 
but that he made it, and so made it that it worked. 

Subsequently to the engine of Lenoir, a later con- 
struction of Hugon's was brought out. It was dis- 
tinguished from Lenoir's principally on two points. 
The electrical ignition was set aside and replaced 
by a flame ignition. This idea was not new, as 
Street and Brown had already employed it; it was, 
however, good, and has been maintained until this 
day. Then, instead of cooling the cylinder, as Lenoir 
and others had done before him, he injected water into 
it. This was changed into steam, and therefore took 
up a part of the heat arising from the explosion, and 
thus protected the moving parts from overheating, as 
well as operating as expanding steam, driving up the 
piston. This idea, in recent years, has been taken 
up ; the disadvantages and advantages of such an 
arrangement will be brought forward later on. 

Hugon obtained, by means of his improvements, a 
reduction in the consumption of gas to about two-and- 
a-half cubic metres per horse-power. The engine at 
this period has, however, but little interest. 
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Kinder and Kinsey stand very near to Lenoir with 
their engine, which they brought down to consume two 
cubic metres of gas per horse-power per hour. 

The second period in the development of the gas 
engine begins with the second Parisian International 
Exhibition, of 1867. Here the firm of Otto and 
Langen, of Deutz, exhibited their newly-invented 
atmospheric gas engine. As the name implies, the 
explosive effect of the gas was in this engine by no 
means employed direct for the performance of work ; 
it served to throw up the piston of the simple working 
cylinder, whilst it was out of connection with the shaft 
of the engine. In order to procure a place for the 
combustion products, the [tension of the latter was 
caused to sink very suddenly, in consequence of out- 
side cooling, and the vacuum succeeding allowed the 
piston to fall by its own weight ; and now, in connec- 
tion with the shaft, the stroke of this engine was not 
so sudden as that of Lenoir's. But it had many 
drawbacks, and at one time they were relatively very 
great. It exhibited a series of difficult detailed con- 
struction calculated to create a fear as to its dura- 
bility, and, finally, it made a horrible noise — so much 
the more unpleasant to the ear as it was quite irregu- 
lar. Notwithstanding, the engine had a great advan- 
tage, which covered all its bad properties : it used 
very little gas — at the beginning, 1*2 cubic metres; 
finally, only 0*8 cubic metre per horse-power per hour; 
a result which hitherto had not been exceeded. It was 
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therefore practically usefal for small industries; it 
could not only compete mth the steam engine, but, in 
many cases, beat it out of the field. 

This engine is, however, not without its forerunner. 
The Italians, Barsanti and Mattenooi, had some years 
previously constructed a similar one ; yet it is certain 
that Otto and Langen worked independently. At all 
events, the Germans had the result to themselves; 
they pushed forward their machine, whilst that of the 
Italians came to nothing. The firm ruled the field for 
ten years, and constructed four thousand of these 
motors, which, in spite of their shortcomings, were 
found more and more to be a great boon to small in- 
dustries, and for social requirements gave the best 
results of all small motors. The many alterations 
undertaken by the inventors to make good the deficien- 
cies of their engine, demonstrated their unwearied 
activity ; although they never ultimately succeeded in 
fully attaining their object. 

Through the construction by Qilles, of Cologne, at 
the time of the Paris International Exhibition, of a 
noiseless atmospheric engine, the supremacy of the 
Otto and Langen engine appeared to be jeopardised; 
and it may be considered as the first revolutionary 
period in the history of our motor, as it caused the 
inventors to return to the principle of direct working. 

In fact, the new motor, named after its inventor. 
Otto, is distinct from its predecessors. Externally this 
is the case by its very pleasing appearance, quiet, regu- 
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lar action, and harmonious dimensions ; and, according 
to principles, in three points. In the first place, by 
the compression of the gas mixture before ignition; 
and, on account of the diminution of the dimensions, 
by a greater piston velocity for facilitating the change 
of heat into work ; for prolonging the combustion, by 
modifying the initial temperature, and by better em- 
ployment of the heat generated in consequence of the 
cooling of the cylinder. 

In fact, the Otto is one of the most pleasing construc- 
tions in the domain of engine construction, and a striking 
example of indomitable skill, as well of deep thought. 

As concerns the cost of working, the consumption 
of gas stands only a little higher than that of the 
atmospheric engine ; the smaller powers use, on an 
average, 1 cubic metre per horse-power the hour, whilst 
for the larger constructions the consumption of gas is 
modified to about f cubic metre. 

On that account the success of the motor was quite 
extraordinary and permanent. In four years, over five 
thousand were circulated. 

The above short survey of the material of this pub- 
lication may justify a historical division of it. In 
fact, such a division follows closely the three periods : 
before the second Paris International Exhibition, from 
the second to the third, and after the third ; with the 
practical divisions corresponding to the epochs of direct 
working engines without compression; atmospheric 
engines ; and direct working engines with compression. 



P A E T I. 



CHAPTER I. 

DIBEOT WOBEINa ENGINES WITHOUT COMPRESSION. 

Lenoir's Engine. 
It is an important question why gas motors, such 

as Lenoir's, Hugon's, Hicks's, &c., distinguished for 

their non-recoiling action, worked so uneconomically, 

and why they were compelled to give way to modem 

^constructions. The essential reason is, probably, 

that the known older makers did not appreciate 

the great advantage of compression of the gases 

before combustion, as well as that the gases in their 

engines were under atmospheric pressure. 

Owing to the want of knowledge of this principle 

alone the older motors have failed; but imperfectly 

constructed details might have been improved, and 

thus prevented complete extinction. This view is best 

supported by the circumstance that, after the Lenoir 

motor had scarcely become known, the reason of its 

low economy was ascribed to deficient compression by 

Oustay Schmidt, who pointed out, prominently, the 

great use of compression. Li his "Theory of the 

Lenoir Gas Motor," printed in the Journal of the 

Association of German Engineers in 1861, he says : 
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"The result would have been much more favourable 
if a suitable compression pump could have been driven 
by the engine which would compress the cold air and 
cold gas to three atmospheres before entering the 
engine, by which a tax greater expansion and advantage 
of the combustion heat would have been practi- 
cable." 

Besides the advantage of a better and more economi- 
cal expenditure of the gas by compression of the mixture 
before combustion, a gradual tension of the chief organ 
of the engine also assists this, and as well contributes^ 
to the object of a completely non-recoiling action. Ma- 
chines with sudden development of pressure, conse- 
quently causing a recoil affecting the whole mechanism,, 
are naturally excluded from the market. 

The way in which pressure is developed by the com- 
bustion of a gas mixture in the closed space stands in 
direct relation with the velocity by which the ignition 
is transmitted in the mixture. 11 this velocity is great, 
the pressure in the space increases rapidly; if the 
transmission is slow, then the increase of pressure in 
the space is also slow. 

The means towards the attainment of a slow com- 
bustion and the gradual development of pressure, 
resulting therefrom, were given a quarter of a century 
ago to the makers of gas engines, by the high scientific 
authority of Robert Bunsen, in 1857, in his work,. 
"Gasometric Methods," on the subject of combustion 
of gases. 
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Bansen says in the passage treating of combustible 
gases in closed vessels : — 

'^ If an explosive gas column is ignited at its npper 
end, by time the combustion reaches the lower end a 
considerable heat is lost in the npper end by radiation 
and convection. If the fulminant gas is weakened with 
neutral gases near the line of ignition, then is often 
seen at the place of ignition a ball of fire moving slowly 
away to the lower end of the gas column. In this case 
the combustion is already ended in the upper part of 
the gas column, when it is still going on in the lower. 
The explosiveness of a fulminating gas is therefore not 
lessened merely by the admixture of inferior gases be- 
cause the temperature of combustion is a little less, but 
for the reason that the velocity of transmission of the 
combustion is diminished.'* 

And further on, as to the ignition temperature of 
gases : — 

*'If an explosive gas is mixed in a greater pro- 
portion with an incombustible, the limit is reached 
where ignition suddenly ceases. This limit is so 
sharply defined that even the smallest addition of in- 
combustible gas changes the yet really combustible gas 
into one completely incombustible. Such a gas, 
changed into incombustible gas, regains its com- 
bustibility again when it is prevented from free dilata- 
tion when ignited, or when its temperature has become 
higher." 

In fact this simple means of suitably thinning an 
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explosive gas mixture by an indifferent non-participating 
gas lies at the basis of all non-recoiling motorSi from 
Lenoir's to Otto's. 

According to Bnnsen, a little more or less of neutral 
gas is sufficient to make an explosible gas combustible 
or incombustible, ignitible or not ignitible ; therefore 
the constructors of gas engines make it a principal 
point, for the object of an easy and certain ignition of 
the diluted mixture, to form the mixture so far un- 
equally as to bring to the place of ignition a mixture 
easily ignitible. In this respect the older and newer 
gas machines do not differ from each other. 

The mode of working Lenoir's engine will be presently 
described. He conducts air and gas in the propor- 
tion of 20 to 1 through a number of conduits lying next 
to each other, into the cylinder. Li the suction 
an equal number of gas and air currents are formed which 
mix, at first gradually, through movement and diffusion. 

The air is more than double the quantity necessary 
for combustion. It is provided from the atmospheric 
air, but there is also a considerable dilution which still 
further increases the quantity by an important combus- 
tion residiuum thai remains in the conduits and 
cylinder. In these engines this combustion residuum 
amounts to about one-third of the charge. 

The ignition of the charge in the cylinder takes 
place at the outflow passages of two particularly short 
gas and air conduits, therefore at a place when we may 
certainly assume that no combustion residuum is found, 
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and where, however only in this special conduit, a 
partial mixture of gas and air has already taken 
place. In consequence of this an explosive flame is 
formed on ignition in this conduit, which strikes into 
the cylinder and the diluted mixture in it is ignited 
with certainty. 

The non-recoiling action of the Lenoir machine was 
immediately ascribed, after publicity of the mixture of 
explosible gas with surplus air, to the existence of 
neutral gases. 

In the Journal of the Association of German Engin- 
eers, of 1860, it is stated **the heat generated by com- 
bustion dilates the steam, carbonic acid, nitrogen and 
the surplus air that are formed, and thereby drives 
the piston against the opposite side of the cylinder, 
whereupon a fresh detonation takes place on the other 
side of the piston, which ought to be free from any 
observable recoil in consequence of the great overplus 
of air." 

It is stated also in the *' Polytechnisches Central- 
Blatte " of 1861, in an article " On the Theory of the 
Lenoir Gas-Engine," by Hirn : — 

" The assumption is insufficient that the ignition of 
the gas takes place immediately, and that therefore the 
tension in the cylinder is greatest at the beginning of 
the piston stroke, because the gas mixture, not only 
requires a certain time in order to become ignited, but 
there must be upon the beginning of the piston stroke 
a certain interval ere the ignition enters. Because of 
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this the maximum of tension cannot be obtained in 
practice." 

From this it is clear that as early as in the year 
1861, the existence of neutral gas in the cylinder of 
the Lenoir engine was known, that the non-recoiling 
action of the engine because of this neutral gas was 
explained ; and the desirable point of ignition was also 
pointed out in diagrams, that is to say, the gradual in- 
crease of presBure in the combustion was indi- 
oated. 

Lenoir's engine, as constructed by Marinoni, in Paris, 
had externally much resemblance to a horizontal steam- 
engine of old construction, of which it is manifestly 
an imitation. In Fig. 1, it is represented as 
double working. In the cyUnder A, which is provided 
with water jacket and double walled cover for cooling, 
works the piston B, the rod of which, C, carries 
the crosshead D, and this is connected with the fork £, 
80 as to carry the movement to the crank-shaft F. 
Oas and air are admitted by the inlet slide G ; the 
exhaust of the combustible product is by the outlet 
slide H ; both are moved by the eccentrics J and K. 
Whilst the outlet slide is provided with only two slots, 
and these coincide at the right time with the outlet 
conduits of the cylinder, the inlet slide of the cylinder 
is not so simply contrived. Fig. 2 shows one view of 
it. It is to be observed that its ends are grooved up ; , 
the gas enters through the holes bb, scarcely 2 mm. in 
diameter, when these are coincident with the gas 
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failed of high efficiency more from inaccurate constmc- 
tion than from erroneous theory. In this sabject, as 
in many others, it is remarkable to see how closely to 
later and successful practice, the pioneers had anived, 
and how they were swerred from their comse by trifles 
of mechanical constmction that were the sole cause of 
want of practical success. 

The patent specification (No. 335, of 1860) states 
that the " iuTention consists in the application and 
use of an inflammable gas mixed with a proper pro- 
portion of atmospheric air and ignited inside a cylinder 
by the aid of electricity, the expansion thereby produced 
acting upon the piston and imparting motion thereto, 
which motion may be transmitted in any convenient 
and well-known manner to a driving shaft." 

In carrying out this invention it is proposed, in the 
patent, to apply two slide valves to the cylinder on 
opposite sides, or to use a disc valve. These slides 
are not contained in boxes as in the ordinary steam 
valve, but are held against the valve faces of the 
cylinder by springs or screws. Suitable means are 
employed for admitting atmospheric air into the 
cylinder. Along with this air there is also admitted, 
by means of a pipe employed for that purpose, a supply 
of ordinary lighting or other inflammable gas or vapour. 
Inside the cylinder are fitted, either at the middle or at 
both ends, one or more pairs of insulated platinum or 
other wires in connection with a battery, and so disposed 
that an electric spark will be produced which will 



LENOIR'S ENGINE. 21 

instantly ignite the mixture of air and gas contained 
in the cylinder on one side of the piston, and by the 
expansion so produced force the piston to the opposite 
end of the cylinder. The supply of gas is regulated by 
a suitable stop-cock and governor. 

Fig. 3 represents a side elevation ; Fig. 4 is a cor- 
responding plan and partial horizontal section; and 
Fig. 5 is a transverse vertical section of the working 
cylinder. The working cylinder A, cast with a jacket, 
is provided with two valve faces, upon which work the 
two slide valves T and T' which open alternately, and 
at the proper times, the ports a, a^ and a* for conduct- 
ing the mixture of air and gas to each side of the pis- 
ton as well as the ports 6, ¥ and 6* for the emission of 
the products of combustion. The valve T, which 
regulates the inlet of the air and gas into the cylinder, 
is provided with an orifice f, which communicates with 
one or other of the two openings 0, o% made in the 
plate P. This plate carries the two cocks r, r^, which 
admit the gas. The introduction of atmospheric air 
takes place through the port a, which is in communi- 
cation with the open nozzle 6", surmounted by a cap 
6"% as shown in Fig. 5. The slides are held against 
the valve faces and work outside, by guide rods, 
which slide in the bearings C, C, the usual steam-engine 
valve chest being dispensed with. These bearings are 
so arranged as to enable the slides to be set up more 
or less tightly against the valve faces by means of 
pressing or adjusting screws, as shown in Fig. 4. The 
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cap b^" acts as a species of gasometer, that is to say, 
it retains the gas which wonld tend to escape, and 
which can then enter or be drawn into the cylinder at 
the next stroke of the piston. The movement of the 
piston p, is transmitted to the main crank-shaft B by 
the aid of the connecting rod C which is secured to 
the crank of the main shaft. The two eccentrics D 
and D' actuate the slide valves T and TS and a small 
pulley, E, imparts motion by means of a strap to the 
governor or regulator of the machine. The cylinder is 
provided at each end or has fitted upon its two covers 
the igniters G and GS in communication with an 
electric distributor H, carried by the main driving 
shaft, and is itself in connection with a Bhumkorff coil, 
which is in communication with any convenient bat- 
tery or generator of electricity. In starting the engine 
the piston p is first caused to travel a certain distance 
along the cylinder, producing a vacuum behind it and 
allowing the air and gas to enter the void space through 
the ports a and a^ respectively, but as the slide T opens 
the port a before the passage t comes into communica- 
tion with one or other of the gas inlet orifices, o, o% it 
follows that a supply of air will have already entered 
the cylinder. The slide T then opening one of the 
orifices, o, o% in the plate P, the gas and air both enter 
the cylinder, but without becoming entirely mixed to- 
gether, and will exist in the space behind the piston 
in distinct strata. The slide T, now closes the port 
leading to that end of the cylinder, and, the igniter G 



LENOIR'S ENGINE. 23 

suddenly producing an electric spark, the gas explodes 
and heats the air and its combinations, which expand 
considerably, and the pressure produced operates upon 
the piston so as to force it to the opposite end of 
the cylinder, the residuum of the combustion or its 
products escaping by the exhaust slide valve T^ and 
passage b. The fly-wheel assists the piston in its 
course towards the end of the cylinder and, the slides T 
and T' changing their positions, the air and gas are 
introduced to the other side of the piston just at the 
moment that the second igniter G'' produces a spark, 
which ignites the gas and causes the piston to return 
to the opposite end of the cylinder, thus completing a 
double stroke. According to the patent, the object of 
introducing a supply of air into the cylinder before the 
gas is allowed to enter is to neutralise the effect of the 
carbonic acid gas formed by the combustion of the first 
portion of the inflammable gas; as the carbonic acid gas 
without beingthus neutralised might prevent the ignition 
of the remainder of the inflammable gas. As the machine 
in working attains a considerable temperature, it is 
proposed to introduce into the jacket a suitable supply of 
cold water, regulated by the cock I, and which water 
becomes heated or converted into steam and flows off 
through the pipe f, to any place where it can be 
stored or used. The apparatus termed the director of 
the electric current (a sectional detail of which is shown 
on an enlarged scale. Fig. 6) consists of a species of 
collar or ring of hard indiarubber, gutta percha, or 
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other good non-conductor, L, in the periphery of which 
are inlaid the metal segments M, M'. The segment M* 
rotates in constant commnnication with the conducting 
wire N, leading from the coil, and the segments M, M% 
with each one of the directing wires g and g^, these wires 
being respectively connected with the igniters, G and 
G\ The short metal rods m, m% unite the metallic 
contact segments of the director with that of the con- 
ducting wire N. As the cylinder conducts one of the 
poles, the operation of the director will be readily 
understood. It is mentioned in the patent that if found 
desirable, liquid or solid hydrocarbons may be employed 
in this engine for heating and expanding the air and 
its combinations ; in which case the substances from 
which the inflammable gases or vapours are to be 
obtained are placed in a small boiler and are heated 
by means of a serpentine or coil placed in the bottom 
of the boiler and in direct communication with the 
escape pipe of the engine. The boiler is first heated 
and, so soon as the hydrocarbon is converted into 
vapour or gas, it is placed in communication with the 
working cylinder. The vapour so produced is ignited 
in exactly the same manner as the inflammable gas be- 
fore mentioned, and similar effects will follow. And it 
is also claimed that it is obvious that this invention may 
be applied to coupled engines of two or more cylinders,, 
suitable for steamboats and locomotive or traction 
engines. 

The claims of this pioneer patent are so very definite 
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that we may find space to reproduce them here ; they 
are : (First). The general construction and arrangement 
of machinery or apparatus for obtaining motive power 
by the aid of inflammable gas or vapour in conjunction 
with atmospheric air as hereinbefore described. (Second). 
The employment of electricity for the purpose of ignit- 
ing gas or inflammable vapour when used for the 
obtainment of motive power as hereinbefore described. 
(Third). The application and use to and in the heating 
of air in the cylinders of motive power engines of solid 
or liquid hydrocarbons converted into vapour as here- 
inbefore described. (Fourth). The application and use 
of electro-igniters placed in the cylinder of a motive 
power engine for the purpose hereinbefore described. 
(Fifth). The application and use of a director of the 
electrical current, for the purpose of bringing a spark to 
bear at the proper time and place upon the gas or 
vapour to be ignited in a motive power engine as here- 
inbefore described. 

This earlier motor of Lenoir is very remarkable a» 
being a double action motor, that is, pressure or motion 
was imparted to both sides of the piston alternately. 
In the Lenoir engine first described, which may be said 
to date from 1877 (French Patent, No. 117,390), the 
action is much more simple. 

Lenoir's Engine, 1883. 

But neither of these engines must be confounded, 
with that of Lenoir, patented in this country in 188* 
(No. 5,315), which is essentially a compression engine^ 
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with explosion of the gaseous fael under constant 
volume. 

In this improved engine, of which, from its recent 
introduction, there has been but small experience, a 
regenerator or reheater is employed, which is placed in 
a prolongation of the explosion chamber at the cylinder 
of the motor. Exhaust is made through a valve M as 
controlled by the rod and crank n n\ Fig. 7. This 
valve is placed at the base of the heater. The mixture 
is drawn into the regenerator, where it is compressed 
before being exploded. A screw-cock, inserted in the 
cylinder about the middle of the stroke of the piston, 
allows of varying as . desired the compression of the 
mixture. 

With the slide-valve of the new Lenoir engine, as 
the same letters correspond to similar parts in the 
Otto engine, to be presently described, it is unnecessary 
here to say more than to refer to the Fig. 8. g controls 
the admission of the gas, a that of the air, j gives 
entrance to the mixing chambers, and bb"^ access to the 
burners (the new engine is not electrically lighted) and 
IV allows of the passage of the ignition flame, which is, 
as in the Otto engine, caused to impinge upon the 
richest part of the mixture. The lighting port carries 
a small projection to push the flame towards I. 

Hugon's Engine, 1865. — The working of Hugon's 
engine is as follows : When the piston, Fig. 9, is 
lowered, it draws in a detonating mixture furnished 
by the pump or by the rubber bag M, across the 
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mixing chamber^ U, at the same time that it expels 
from the lower part of the cylinder the products of the 
preceding explosion. When the piston arrives at about 
four-tenths of its course, the principal slide, K, descends 
and closes the communications, a, of the orifice of 
admission, a, with the mixing tube, U. At the same 
time the igniting flame, projected into a, causes the 
explosion. 

Similar processes occur inversely on the rising of 
the piston. The engine is further provided with a 
puinp, S, which injects at each stroke a small quantity 
of water, at the instant of explosion, for the pur- 
pose of reducing its violence and to cool the cylinder. 
The distribution of the gas is effected by two slides, 
one, K, serving for admission, for the exhaust and for 
igniting ; the other, L, serving to close the admission 
orifice and to terminate the drawing in of the mixture 
into the tube U. 

The principles of good working do not seem to have 
been so weU understood in designing the Hugon engine 
as with its predecessor, although at the time when this 
motor was brought into public notice, there were, con- 
cerning it, some very great expectations. 

This engine is distinguished from Lenoir's in two 
principal points — by the injection of water into the 
cylinder, and by flame-ignition. The injection of water 
was intended to take up a part of the heat suddenly 
created by the explosion, so that it might, by evapora- 
tion, co-operate in the expansion, and, at the same time. 
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effect a diminution in the expenditure of oil for 
lubrication. 

When the engine was first brought into publicity, it 
showed proof of long-protracted studies by Hugon. He 
intended, at first, to bring out an atmospheric engine. 
He desired to obtain a higher pressure by the explosion 
of the gas mixture, producing a vacuum by the sub- 
sequent cooling of the combustion products, and to 
employ this for the movement of the piston. He had 
laboured long at such engines ; they, however, never 
attained any importance. His direct working engine, 
however, has given some actual results ; but it is several 
years later than that of Lenoir. 

It is, like the latter, double working, but arranged 
vertically. 

In order to make the feed independent of the 
changing pressure in the gas conductor, the air and 
gas mixture is prepared in a fixed rubber bellows. A 
second smaller bellows serves to fill the reservoir, out 
of which the four ignition flames are fed. It can be 
moved by hand in order to ignite the flame before put- 
ting the motor into action ; and this starting is effected 
with all small motors by turning the fly-wheel. 

The machine was a step in advance of Lenoir's ; 
it worked as quietly, and, on account of the flame 
ignition, more certainly, besides being more economical 
in oil and gas consumption. 

Some experiments have been made with it ; for 
example, a machine of three hundred and thirty and 
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three hundred and twenty mm. stroke worked with 0*55 
metres piston velocity. The mechanical working 
effieiency was O'SS, the proportion of the mixture 
1 : 13*5, the maximum tension 8*8 atmospheres, the 
gases escaped at 190^ 

Hngon ignites the explosive mixture at the entrance 
of the conduit, which conducts it to the cylinder, con- 
sequently at a place where it is absolutely free from 
steam and combustion residuum and therefore easily 
ignitible. 

Bisohopp's Engines. 

For small powers Bischopp's engine has been that 
most extensively employed, and the simplicity of its 
mechanism is for such powers greatly to its advantage. 
It is, however, questionable whether the arrangement 
of parts is applicable to higher powers than one horse- 
power with very great success. It is essentially a 
non-compression engine. The types before the public 
are those constructed by Bischopp, in 1872 and in 
1874, and in 1882, and those modified by Carl Max 
Sombart. In the 1872 and other types, as in Lenoir's 
engine, a locally separated introduction of gas and air 
into the cylinder takes place, but in such a way that 
there are formed below the piston, layers of gas and air, 
each singly approaching the direction of the axis of the 
cylinder, has an equal combination, whilst in the nor- 
mal direction the single layers are essentially separ- 
ated from one another. 

The layer which lies over the gas valves and the air 
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valve qnite close to it, contains mixture easily ignitible, 
whilst the layers over the air valves farthest from the 
gas valves, consist of almost pure air, and between the 
fibrst and these latter, of transition mixtures. 

The ignition takes place in the layer of the easily 
ignitible mixtnre over the gas valves and is here con- 
ducted with the greatest certainty. 

Whilst the charge in the cylinder of Lenoir's engine 
is an almost equal mixture, owing to the method of 
entrance of the gas, it occurs in Hugon's engine in a 
seriously unequal combination, whilst in Bischopp's 
motor, on account of the peculiar locally separated in- 
troduction of air and gas, it consists of a stratiform 
disposition of explosive and a neutral gas. 

This effort to obtain a stratified arrangement of the 
charge in the cylinder is met with in many later gas 
engines; it appears first, however, most strikingly in 
that of Bischopp, of 1874. 

In de Bischopp's English patent, 1910 (1874), which 
only obtained provisional protection, but the ideas of 
which were carried out in patent No. 4342, of 1875, 
we must recognise this invention from the description, 
especially with reference to the foregoing, to be clear 
and distinct. 

The description of the patent begins as follows : 

" This invention relates to the production of a motive 
power by the combined action of an explosive compound 
and heated air upon the piston of a reciprocating or 
other engine.*' 
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In the single working cylinder, A, the piston B oper- 
ates ; its rod carries the cross-head C, which is introduced 
into a hollow column and constructed with the upper 
<iiylinder lid D, in one piece. This column is opened up 
longwise ; through the opening the bent lever E enters, 
which operates the crank P. The shaft G (Fig. 11) 
forged with the latter, is held in a casting, H, on one 
«ide of the cylinder cover, the eccentric, J, fly-wheel 
and pulley being also carried on the shaft. Such a re- 
stricted crank action is not to be commended ; the cir- 
cumstance that the crank action for the up-movement 
of the piston is greater than that for its lower, does 
not improve the regularity of the movement. But it 
must be noted that those circumstances which make 
the construction of large machines worthless are, in 
very small machines, of less importance. 

The gas pipe a is provided with a clack-valve, this 
consists of a rubber plate, which covers a considerable 
number of fine holes, arranged in the form of a ring, of 
about three mm. diameter. In a similar manner the 
air passes through the clack-valve c. Gas and air mix in 
the regulating cylinder or distributor K, between the 
pistons of which, d and ^, they enter, when the under 
one does not close up the inlet conduit into the cylinder 
through the conduit. Of the two pistons d and e, the 
upper one only serves for the closing of the regulating 
cylinder ; the under one operates, besides, the discharge 
of the combustion* products, which, by means of the 
opening g can enter through it into the discharge pipe h. 
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The engine works in such a way that the piston is 
drawn upwards out of its inert point by the momentum 
of the fly-wheel, and thereby draws in the mixture. 
After it has passed somewhat more than a third part of 
its np-fttroke, the ignition follows through the hole i, in 
the cylinder wall, Fig. 13. 

So soon as the ignition has taken place, the strongly 
eompressed combustible products drive the piston to 
the end of its lift ; this short space of time is the 
working period of the engine ; it receives during that 
time the necessary impetus to drive out the residuum, 
and with fresh action to be able to draw new mixture 
in again. The eccentric J must, therefore, be so set that 
the edge of the regulating piston e passes in descend- 
ing the upper edge of the conduit, when the driving 
piston stands at the lower point of inertia. In this 
position the engine is shown in the figures. As already 
mentioned, the ignition takes place through an aper- 
ture, i, in the wall of the cylinder. As shown in Fig. 
13, this aperture is provided with a little clack of steel 
plate which is opened by the external pressure when the 
aspiration piston has passed it. A gas flame, k, burns 
before the aperture i below the flue I ; the burner if 
constructed with an igniting flame m, because the 
gas flame k is usually extinguished at almost every lift. 
Bischopp was compelled, on that account, to bring in 
a second flame below, the only object of which was to 
relight the upper flame every time it went out. Another 
advantage is derived from this burner: the flame 

D 
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of the nsQal arrangement is not Sufficiently strong to 
effect the ignition when the motor is cold. On that 
acconnty the older engine of Bischopp; before it could 
be got into work, required some minutes for heating it, 
and for that object a separate flame was arranged 
under the cylinder. 

This uncomfortable method is in the later engines 
removed, and the motor is always ready for work. It 
may be observed, as shown in the drawing (Fig. 12), that 
for the cooling by water, a number of ribs are arranged 
round the cylinder, providing for the carrying away of 
heat by radiation. The gas issues ftom the gas main, 
through a rubber pipe into the foot duct, from this a 
rubber pipe runs off for the ignition flame> then into a 
rubber bag and through the tap into the engine. The 
rubber bag serves as accumulator and regulator for 
the gas main. It should accompany every gas engine ; 
should it fail, then every stroke of the engine is observed 
in flickering of the gas flames also fed upon the same 
main. 

C. H. Andrew has improved on the Bischopp engine 
by adding an automatic admission for the gas and for the 
air, and the mixture is drawn in by a separate piston, 
which arrangement allows of the slide valve piston 
being reduced in size. 

Haigh andNuttall, besides improving the valves 
that admit both gas and air, replace the clack-valve in 
the ignition orifice by a ball or bullet. 

If a strict classification of the various gas engines 
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possible, there would have to be many divisions 
«iid Bubdiyisions ; and a subdivision of the class of 
ihose engines acting without compression would be in 
ibe so-called atmospheric engines of which Barsanti 
tsad Matteooci's is the type. 

ATMOSPHEBIO ENGINES. 

Bttraanti and Matteuccl brought forward in their 
French patent of 20 February, 1858, two vertical 
constructions in which the piston is out of connection 
with the shaft, during the up-stroke, but during the 
descent is in connection with it, and communicates an 
impulse to the fly-wheel. In the first construction we 
have two working cylinders upon the usual main shaft, 
as in Fig. 14. In the cylinder A the principal piston, 
B, moves, the rod of which is serrated, or racked, and 
catches into the wheel C, which runs loose upon the 
main shaft. C carries the pawl E, and is pressed by a 
cpring into the teeth of the ratchet wheel F, which is 
keyed upon D. If the principal piston rise, then the 
wheel is turned to the left ; if it fall, then the rotation 
is to the right, and takes the shaft with it. 

The unequal action through such irregular move- 
ment of the shaft is equalised by the employment of 
two alternately working cylinders and the fly-wheel 
Below the principal piston there is a second, the 
counter piston G, whose rod goes through the front of 
the cylinder and carries the traverse H ; this is fastened 
by two lever bars, which hang to the pins of two 
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crank discs, set npon the adjoining shafts J ; these 
obtain their movement from the principal shaft through 
the wheels K, which revolve more slowly than the shaft. 
The counter piston, therefore, effects a regular up and 
down movement ; consequently, if the principal piston 
stands in the lowest position, and the counter piston in 
its highest, then in the first place the latter goes down 
when atmospheric air enters between the pistons, at 
the appropriate position of the slide valve L, through 
the conduits a, b, and c. After a certain time the arm 
upon the piston strikes down the end piece of the slide- 
rod and draws the slide down. Now the air conduit a^ 
is closed, and the slide communicates with the conduit 
d, conducting the gas, so that now through the connection 
d, b, c, gas is drawn in between the pistons, until the 
upper edge of b has passed the under edge of d. At this 
moment the mixture drawn in is ignited by an electric 
spark ; the head piston flying upwards free, the counter 
piston going farther down, whUst it discharges through 
the foot valves what it finds below it ; then it restores 
the connection between the spaces, above and below it, 
through the conduits e and /. In consequence of the 
foot-valves opening from too much inner pressure, this 
communication may first occur when the explosive 
tension has fallen under one atmosphere, through the 
rising of the head piston. As soon as the head piston 
is in equipoise it turns and goes down ; the counter 
piston, however, begins its forced ascent quickly, and 
't operates the air pressure upon the head piston until 
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the tension in the machine has again attained one 
stmosphere ; then the head piston, by its own force and 
iveight, drives out the combustible product through the 
foot valyes : whilst the counter valve ascends until the 
first position is again reached. From this description 
of 'the action of the engine, it follows necessarily that 
the ' movement of the adjoining shaft must be slower 
than that of the main shaft, so that the descending 
head piston does not arrive later at its lower position 
than when the counter piston has reached its upper 
position : if it arrives too early that does not matter. 

The second construction of the patent in question 
may be seen from Fig. 15. The cylinder here is 
provided with only one piston, the rod of which is 
toothed and operates upon the toothed wheel G, which 
runs loosely upon the main shaft D, and carries the 
pawl E ;' this takes with it, in the descent of the piston, 
the ratchet-wheel F, and the shaft with it, but is free in 
the up-stroke. If we consider that the piston is arrested 
in the descent, it must remain standing, for instance, if 
the tension of the combustion products below it have 
placed it in equipoise. In order, therefore, that the 
latter may be driven out, it is necessary to press down 
the piston, which takes place through the two noses a of 
the stop wheel operating upon the two cams b of the 
toothed rod. When these have brought it down to its 
lowest position, then the noses c of the adjoining shaft 
G lift it again, and the latter operates upon the cams 
d, in order that fresh explosive mixture may be drawn 



38 ATMOSPHERIC ENGINES. 

in ; and this is introduced through a slide valve placed 
at the side. The latter has two positions of rest, its 
conduits correspond with those of the valve-face when 
inflow takes place ; if this does not occur, then the 
engine remains closed. The movement of the slide is 
retrograde, and is effected from D and G ; the noses c 
and a work upon the catches g and h of the slide bar, 
so that it goes down with the piston, and consequently 
the inflow may begin immediately : after the piston 
has reached the lower part, it is ended. As soon as 
the piston is lifted up, the cutting off of the inflow im- 
mediately follows. 

Langen and Otto's Engine, 
The first engine of Langen and Otto was made 
known through the Paris International Exhibition in 
1867. The pattern exhibited was half horse-power, 
and caused unusual attention from its peculiar con- 
Btruction and noisy action. 

Opinion, however, of the new motor would have 
been unfavourable if the economy of consumption of 
gas, in comparison with the engines of Lenoir and 
Hugon, had not been apparent. According to the 
publications of that time, the judges were forced to 
praise the engine for its economy, yet to blame it 
for its construction. 

If the arrangements of Barsanti and Matteucci had 
been more generally known, the new invention would 
scarcely have excited so much wonder, because in its 
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diBposition of the free np-stroke of the piston, and the 
gearing of shaft with it in the down-stroke^ the Italians 
show exactly similar designs. What is interesting in 
Langen and Otto's engine is the gearing arrangement ; 
this and the flame ignition constitute the essential dis- 
tinction and progress. 

The engine is vertical. In the vertical npper open 
cylinder the piston moves, the progress of which above 
is limited by a rubber buffer. The toothed piston rod, 
cairying a traverse above, slides between two pillars 
standing on the top cover of the cylinder. The piston 
conveys its motion to a toothed wheel, and this takes 
the head shaft with it in the descent of the piston by 
means of a friction coupling ; on the ascent of the first, 
however, it slips loose upon it. An auxiliary shaft, 
which is driven by similar toothed wheels, provides for 
the guiding of the distributing slide. 

The engine works in the following manner. Prom 
the lower dead point position the piston, in the first 
place, is lifted by the stored power of the fly-wheel, 
and the slide is so placed as to allow the explosive mix- 
ture to enter. Immediately after the inflow is com- 
pleted, the ignition follows ; the piston flies upwards, 
and the toothed wheel turns round to the right, whilst 
the shaft, not in gear, turns to the left. The tension 
below the piston now sinks, in consequence of the ex- 
plosion, and, at the same time, cooling takes place, so 
that when the piston comes to rest, after the employ- 
ment of the active force imparted at the beginning; 
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inlet, outlet and the ignition. It usually stands, as Fig. 
16 shows it, with the outlet conduit open. This goes 
through the valve-face and slide cover, and is closed by 
the flap valve, g, which rises as soon as the tension in 
the cylinder is greater than the outside pressure of air. 
The piston is thereby put into position during the last 
part of the downward action to drive out the com- 
bustible product. The gas flows through the bore, ft, 
the air through bore i, into the slide cavity k. Whilst, 
therefore, the slide goes back from the position. Fig. 16, 
into the position. Fig. 17, its lower dead point position, 
and from this into the first, the detonating mixture can 
enter through the conduit I below the piston. 

The slide should also provide for the ignition. The 
cavity, m, is filled with explosive mixture when it is 
near its lowest dead point position; the gas enters 
through the bore, n, of the slide, the air through the 
trough, 0, into this ; the mixture is ignited by the gas 
flame in the slide cover. If the slide now goes upwards, 
then the chamber, m, is immediately closed; in it 
bums the so-called intermediate flame. Now it passes 
the position, Fig. 16, and enters into that of Fig. 18 ; 
the mediating flame strikes into the cylinder, and 
ignites the detonating gases there. 

Thereafter the slide passes through its upper dead 
point into the first position, and remains there until 
the beginning of a new cycle. It is, however, to be 
observed that it must not come too soon into this posi- 
tion ; the tension below the piston must be sunk below 
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it sinks considerably below the exterior air pressure. 
The piston now changes its movement, and goes down 
in consequence of the exterior air pressure and its own 
weight, whilst it actuates the shaft. The tension below 
then gradually increases. The effective force upon the 
piston is, therefore, a decreasing one, so that its 
velocity by this time is less than the peripheric velo- 
city of the shaft. The piston now drives out the 
combustible product, whilst it sinks farther down by its 
own weight. The piston movement, consequently, 
consists of four periods. In the initial period it con- 
sumes a part of the active force of the driving shaft ; 
during the up-stroke it is independent ; in the first part 
of the downward action it increases the active force of 
the shaft ; in the latter part it is again free from it. 
The useful work is, therefore, equal to the difference 
due to the operations in the third and first periods. 

In order that this manner of working, as described, 
may be attained in full, three mechanisms are neces- 
sary : friction coupling, the arrangement for lifting the 
piston, and the distributing slide valves. 

The friction coupling it is unnecessary to describe 
here. 

In order to be enabled to understand the valve 
motion, the slide movement must be first 
The slide, which glides between the 
slide cover, and is tightened wh 
against it by four spiral spr 
nuts of its fastening s( 
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inlet, outlet and the ignition. It usually stands, as Fig. 
16 shows it, with the outlet conduit open. This goes 
through the valve-face and slide cover, and is closed by 
the flap valve, g, which rises as soon as the tension in 
the cylinder is greater than the outside pressure of air. 
The piston is thereby put into position during the last 
part of the downward action to drive out the com- 
bustible product. The gas flows through the bore, h, 
the air through bore i, into the slide cavity k. Whilst, 
therefore, the slide goes back from the position. Fig. 16, 
into the position. Fig. 17, its lower dead point position, 
and from this into the first, the detonating mixture can 
enter through the conduit I below the piston. 

The slide should also provide for the ignition. The 
cavity, m, is filled with explosive mixture when it is 
near its lowest dead point position; the gas enters 
through the bore, n, of the slide, the air through the 
trough, o, into this ; the mixture is ignited by the gas 
flame in the slide cover. If the slide now goes upwards, 
then the chamber, m, is immediately closed; in it 
bums the so-called intermediate flame. Now it passes 
the position. Fig. 16, and enters into that of Fig. 18 ; 
the mediating flame strikes into the cylinder, and 
ignites the detonating gases there. 

Thereafter the slide passes through its upper dead 
point into the first position, and remains there until 
the beginning of a new cycle. It is, however, to be 
observed that it must not come too soon into this posi- 
tion ; the tension below the piston must be sunk below 
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the outside air pressure ; otherwise a partial escape of 
the expanding explosive gases would take place through 
the cover g. 

To carry out the slide movement, there are two 
eccentrics upon the shaft to regulate the engine. It is 
required either to vary the gas tap of the feed pipe 
by hand, or to make it self-acting by a centrifugal regu- 
lator ; the mixture is thus rendered poorer in gas 
according to the requirements, and the piston is not 
forced so high as with full requirements, whilst the 
number of the piston strokes remains the same. Such 
an arrangement, however, would not be good, because 
the engine works best with a certain height of piston 
movement ; and also with greater poverty of gas, igni- 
tion is easily prevented, and then unconsumed gas 
passes through the engine. On this account it is 
better to put a tap into the discharge pipe. If we 
close this, more or less, by hand, or automatically by 
a centrifugal regulator, there is caused a slower out- 
flow of the combustible gases, also a slower falling of 
the piston, already independent of the shaft, and 
therewith a diminution in the number of the piston 
strokes, whose height now remains the same in con- 
sequence of the explosive mixture being always equally 
compressed. 

The temperature of the exhaust gases changes with 
the number of the piston strokes ; it was found for forty- 
five, thirty-seven, twenty-eight, twenty strokes per minute 
respectively, as 220% 202°, 180°, 140°; the cooling was 
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effboted from a reservoir which contained only 70*1 cubic 
feat of water, the temperature of which was IB"" at the 
b^finning; after ten hours, however, it entered the 
engine at QT" and left it at 88^ 

The engine described was improved in many respects 
bj the inventors in the course of years ; but what has 
been shown indicates the first principles of gas-engine 
eonstmetion ; it would lead us too far to give here 
ft detailed historical development. 

OUles' Engine. 

The older machine had especially one bad feature. 
Its velocity could not exceed thirty-five piston-strokes 
in the minute, without causing danger to the moving 
parts, and the noise to be intolerable. 

The motor, by Gilles, of Cologne, arose out of the 
endeavour to overcome the objectionable noise of the 
Langen-Otto Engine. It is especially distinguished 
from this by the arrangement of two pistons instead of 
one. The lower working piston is connected with the 
shaft by a crank and rod, the upper piston serves only 
for reducing the blow when it is driven up by the 
explosion, and so creates for the explosive gases room 
for expansion. 

In Fig. 22, A is the working piston, B the flying 
piston, and C the vertical cylinder closed above. If 
the former is at its upper dead point, it then moves 
downwards in consequence of the stored force of the 
fly-wheel. The^ flying piston, as the air valve a is 
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placed, causes air to enter in the upper part of the 
cylinder, until the traverse b rests upon stops on the 
cylinder cover. 

In the meantime the working piston has gone down 
60 far that the inlet canal for gas and air, d, gets into 
connection with the space between both pistons ; then 
begins the suction, and gas and air enter through the 
openings of the covering of the distributing valve chest 
and through the cavity g of the distributing slide valve 
i. So soon as the filling is drawn in, the slide i, 
governed by a cog-wheel A, begins its upward move- 
ment. It cuts oflf the entrance first and then promotes 
the ignition, whilst it cuts oflf the point of the 
burning flame in the cavity k of the cover of the 
valve chest in the conduit Z, and throws it into 
the entrance conduit d. At the same time the air 
slide closes up. The ignition therefore follows and the 
working piston receives an impulse, whilst the flying 
piston is thrown up at the same time. The air found 
above it escapes through the holes m w, which are 
closed by the rubber band n ; the air, therefore, can 
escape through them but not re-enter. As soon as the 
flying piston has passed these holes, it begins to come 
to rest whilst it compresses the air above it. Now it is 
caught up by a particular arrangement and held fast 
in its highest position. In the meantime the working 
piston passes through its lower dead point; and, a 
vacuum having been formed between the pistons 
through the cooling of the cylinder walls, it is driven 
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up by the pressure of external air. Shortly before it 
reaches its upper dead point, after it has passed the 
inlet conduit, the slide a is again reversed, so that air 
may enter above the flying piston ; at the same time 
the latter is set free and now goes down, driving out 
the combustion products through a self-acting valve (not 
shown) about midway of the cylinder. The air slide 
lias, therefore, only to prevent air entering between 
the pistons when the flying piston is quite above. 
The catch arrangement is thus managed : The brake - 
checks p p are pressed against the bar of the flying 
piston by the levers q q, upon which spiral springs r r 
press. This is caused to happen at the right time 
through the excentric s, which moves the lever t, and 
by it holds up and so relieves the brake during the 
time when the flying piston is impelled upwards. 

It cannot be denied that the action of this engine is 
ingenious, and the construction in general suitable to 
the purpose ; but the catch arrangement remained 
always a weak point and interfered with the success of 
the engine as against that of the Langen and Otto. 

R. Hallewell patented, in 1875, No. 2826, an engine 
founded on the same principal as the Otto-Langen 
atmospheric engine, which utilises, but indirectly, the 
pressure of the atmosphere. The explosion of the 
mixture of gas and air is effected in a vertical cylinder, 
terminated at the head by a ' large clapet. The explo- 
sion raises the piston when free, and the return stroke 
determines a vacuum in the cylinder. The mechanism 
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of actuating the double-stroke piston-slide differs from 
that of the engine described. 

The distribution of the supply of gas and air is regu- 
lated in this engine by a revolving slide-valve. 

Tomer patented in England, in 1879, No. 1270, a 
small gas motor, in which the slide is completely 
surrounded with water. The valves are formed of 
vulcanite bullets or balls, this material being specifically 
and relatively very light. A trial of one of these 
motors of one-third horse-power, making one hundred 
and eighty revolutions a minute, and working with a 
mixture of one part of gas to seven of air by volume, 
gave a consumption of 1*13 cubic metres, or 3-30 
cubic metres per indicated horse-power. 

For motors of larger size, above two horse-power, 
Tulmer adds to the motor-cylinder a pump, which 
slightly compresses the gas into the cylinder and com- 
pletely sweeps out at each revolution the products of 
combustion and explosion, the explosion occurring 
when the pump-piston is at the bottom of its stroke. 
The same inventor also proposes a method of gas dis- 
tribution by means of two slides. This method of 
distribution, we cannot, in our limited space, do more 
than call attention to ; it has not been found to have 
very great advantages. 

The motor of Ravel (French patent. No. 127,583, of 

1878,) has an oscillating cylinder, which admits of the 

piston acting directly on the motor-crank. The move- 

• of the slide is independent of that of the cylinder. 
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' BdbscKn's motor (English patent, No. 4050, of 1881) 
i8 : Similar to that of Langen and Otto in principle, 
Iradf differs in points that it is beyond the scope of this 
bode to give in detail. 

In Ord's Engine (English patent, 8276, of 1881) 
ili^ aim was to render the lighting more certain and to 
ftHow of a high speed. Two pumps are employed, one 
fox Vie gas and the other for the air, to impel these 
into a Ughting chamber in the sUde of the dis- 
tributor. 

In Benier and Lamart's motor, distribution and 
lighting is effected by a single slide. The movement 
of the piston is horizontal, as will be seen from Figs. 23 
and 24. The slide is moved by a cam, G, and is 
returned by a spiral spring. Up to the middle of its 
stroke the piston draws the detonating mixture by 
N n. The igniting flame M M', fed with gas by M and a, 
and re-ignited by the permanent burner M", enters by 
N to give the explosion. At the return stroke exhaust 
is made by N S. These motors, intended for one- 
sixth to one-half horse-power, are very simple and com- 
pact. The reader is referred to the patent specifica- 
tion No. 2074, of 1881, for details. 

S. Atkinson's engine of this type, for which patents 
No. 4086, of 1881, and No. 4378, of 1882, were 
taken out in this country, has no salient specialty ; but 
other types of gas engines, by the same inventor, that 
have met with considerable development, we shall 
describe under the proper classification. 
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Jacob Schweizer's "Eevolver Motor," patent No. 
4868, of 1888, includes a new idea, namely, to ignite 
the mixture at the commencement of the stroke of the 
piston, that is, when it is moving with only small 
velocity, and to eliminate entirely the burnt products 
from the explosion chamber, and at the same time to 
utilise the vacuum produced by the condensation of the 
gases. The engine is furnished with a certain number 
of combustion chambers (generally six), arranged as 
are the chambers of a revolving firearm. Each of 
these chambers having been filled with air, then with 
gas, passes in its revolution before the igniting flame, 
and the vacuum, determined by the previous forward 
movement of the piston, inspires the igniting flame and 
produces the explosion. The forward face of the 
piston communicates at the same time with the com- 
partment of the revolver immediately preceding that 
which is in action, and by the action of the air clears 
this chamber, just used, of the products of combustion. 
This very logical idea is, however, rendered nearly 
nugatory by the cumbrous nature of the additional 
moving parts. 

This inventor also has proposed to utilise the ex- 
plosion of a detonating gas to compress air, afterwards 
employed to work a compressed-air engine. The idea 
is ingenious, but has not had any practical demon- 
stration. 

In another design this inventor leads the gas into 
an explosion-chamber, forming a prolongation of the 
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cylinder, by a pipe which passes through the chamber 
and is pierced laterally with holes. 

Northcott's engine (patent No. 8176, of 1880) is 
characterised in its working by the expansion of a 
mass of air compressed at each explosion. It is there- 
fore strictly belonging to that mixed class of motors of 
which as yet we have had little experience. 

The Economic Motor Company of New York, have 
recently introduced an engine into this country, 
patented in 1883, No. 4260, in which there is em- 
ployed a novel cylindrical slide distributor. The engine 
itself is, however, for a small motor, very complex. 

Besides these engines, of which we have given short 
descriptions of their salient points, are those of 
Linford and Cooke, patent No. 326, of 1883 ; P. R 
Forest, patent No. 19, of 1883 ; S. Withers, patent 
No. 417, of 1882 ; Ch. Emmet, patent No. 397, gf 
1882 ; W. B. Hutchinson, patent No. 2339, of 1882 ; 
and of W. W. Tonkin, patent No. 5201, of 1881. 
All these inventions are more or less well known to 
the engineering public and embrace improvements in 
details, having, of course, considerable importance from 
the mechanician's point of view. As our space allows 
of our dealing only with general principles, we are 
compelled to pass these by. 

Resum6 of this Part. 
Enough has been said up to this point of the gas 
engine, generally and particularly, to enable the reader 

E 
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to grasp a distinct idea of its action^ in its simplest 
form, and of the essential parts or organs involved ; 
its mechanism for igniting, and for distributing the 
gas and air. 

The distribution is effected by an organ very closely 
related to the slide-valve of a steam engine, from which 
it differs only by the additional means necessary for 
obtaining ignition of the detonating mixture. 

For instance, in some engines counterbalanced cylin- 
drical slides are employed to regulate the admission of 
gas and air; in others, as in Haigh and Nuttall's, 
oscillating cocks are used, or revolving ones, as in 
Linford's and Tonkin's, or slides, as in Bischopp's. 
In Hallewell's a disc performs this office. The plate 
slide is found in the largest number. 

Ignition of the detonating mixture in motors work- 
ing without compression of this mixture is, compara- 
tively with the case of those using compression, an 
easy task. It is generally effected by inspiring or by 
throwing in a burning jet, which latter is relighted, 
when blown out, by a permanent auxiliary gas burner ; 
but of these two methods inspiration is most used. 
At a given point of the stroke, generally a third, the 
piston uncovers a small orifice closed by a small lid 
or clack, which the pressure of the atmosphere opens 
and pushes forward towards the cylinder, at the same 
time admitting the flame from the burner. This clack 
hiL -w-kT^^ced by a ball or by a, bullet ; it has, as 

xigixie; been altogether suppressed, but 
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without any great advantage. In other engines the 
flame for ignition has been strengthened by a device 
known as an " exploder/' that is, the mixture is not 
directly ignited in the cylinder, but a small part of the 
mixture is detonated in an adjoining and connecting 
chamber. Auxiliary mechanism is sometimes employed 
to open and to close the ignition orifice, but the action 
is best effected by the slide-valve itself, which having in 
its substance, a small igniting chamber, carries with it a 
flame from the burner and as well closes the explosion 
orifice by one movement. Incandescence (to be sub- 
sequently described) is a source of ignition employed 
in this type of gas engine we have been considering, 
in only one instance, that of the Economic Motor 
Company. 

The various ideas of inventors are, in this class of 
motors, very numerous ; not only are they exceedingly 
difficult to classify, because of their diversity, but no 
one has, as yet, sufficient experience to be able pro- 
perly to weed out incorrect or erroneous notions from 
amongst so many that are untried. 

Andrew thinks it necessary to admit to the working 
cylinder a certain quantity of the mixture directly, by 
simple aspiration, independently of the admission made 
by the slide, in order partly that the dimensions of the 
slide may be reduced. 

Generally, the return of the piston is considered 
sufficient to expel the products of combustion, and in 
some systems a part of these products is allowed 
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always to remain in the cylinder, as a buffer to deaden 
the shock of the explosion. This is the case in 
Schweizer's engine. On the contrary, in other engines 
as complete as possible a clearance of the combustion 
products is aimed at. Turner clears out his cylinder 
by means of a pump after each stroke of the piston ; 
Robson effects the clearance by an auxiliary piston ; 
but experience has not yet shown any definite ad- 
vantage in out-put of energy as due to these pre- 
cautions. 

The various devices to reduce the cumbrous cha- 
racter of the engine, such as are designed by Benier 
and Lamart and Forest, or to reduce the height, as in 
Ravel's oscillating cylinder machine, do not appear to 
have met with any great application : in the case of 
the oscillating cylinder machine, the disadvantages of 
this kind of cylinder in the steam engine are equally, 
if not more, applicable to the gas engine. 

Many attempts have been made, in this class of 
engine especially, to reduce the shock of explosion : 
the use of an air-cushion, or a cushion or mixture of 
poorer gases, before the charge proper, have been pro- 
posed and carried into execution, but the end seems 
difficult to attain. It seems best realised in Otto and 
Langen's engine as improved by GiUes, and in 
Bischopp's arrangement. 

Cooling of the cylinder has not received that atten- 
tion in motors working without compression as in the 
case of the engines of high powers working with com- 
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pression^ for the reason that the heating is considerably 
less. 

The means of regnlation seem, with this class of 
engine, to have been adopted from those usual with 
steam engines ; and, similarly, this seems to be the 
source of the means adopted by Linford to obtain 
regularity of motion, namely, by employing more than 
a single cylinder. 

The cycle of this first type of motors is charac- 
terised by the following periods : 

(1) Inflow of the mixture 
of air and gas gene- 

(a) Period during which j "^^^ ** atmospheric 

.. . i pressure, 
motive power is < ,^, _ , 

» (2) Explosion of this mix- 
ture at constant 
volume. 
(3) Expansion. 

(6) Period of loss or j (1) Exhaust of combus- 
waste-work. I tion products. 

We shall see that this cycle presents, in comparison 
with that of engines working with compression, as 
described in Part II., radical inferiority. One point 
of loss, theoretically, is the low fall of temperature ; 
and other points, such as the small influence of the 
cylinder walls, &c., are due to the arrangement of parts 
consequent upon the simplicity aimed at. 



produced. 



P A E T II. 



CHAPTEE n. 

GAS ENGINES WORKING WITH COMPRESSION. 

We can, in this chapter, now that we are better ac- 
quainted with the various organs of a gas engine, and 
their uses, start out with the consideration of the 
theoretical cycle of the particular class of engine to 
be described. It embraces the four following periods : 

(1.) Compression of the air and gas according to 
an adiabatic curve ; 

(2.) Combustion of the mixture under constant 
pressure ; 

(3.) Expansion following an adiabatic. 

(4.) Exhaust or escape at atmospheric pressure. 

Under this cycle we might admit two divisions ; 
one corresponding to Ericson's heat engine, limited 
by two adiabatics and two lines of equal pressures ; 
and the other corresponding to the type of the hot-air 
engine of Joule, limited by two adiabatics and two 
lines of equal volume. With equal compressions, the 
former subdivision would represent a class of engines 
having theoretically a lesser approximation to perfec- 
tion, although this inferiority 
weighed by practi " 



"*-f 
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pointed out by former French and German writers 
that, with the former class, the influence of the walls 
of the cylinder is reduced because the temperature 
of the combustion is lower than the temperature of 
the explosion in the engines of the latter class ; yet 
this combustion may be effected in a chamber sepa- 
rated from the cylinder, in which chamber greater 
heat and better protection from radiation may be 
attained. If this method of combustion, however, in- 
troduces complication of the parts of the cylinder, 
then there would be no practical, as well as no 
theoretical advantage. 

As types of the former class or subdivision, we may 
cite the engines of Poulis (patent No. 180, of 1881 ; 
No. 2,422, of 1882) ; of W: Livesay (patent No. 
2,927, of 1888); and of Crowe (patent No. 2,706, of 
1883); but it is unnecessary here to illustrate the 
class. 

As previously stated, the engines of the latter class, 
to which belong some important introductions to en- 
gineering science in this particular, have a cycle that 
is theoretically identical with that of Joule's hot-air 
engine, furnishing the maximum of work per unit 
volume of gas, when the temperature at the end of 
'the expansion is the same as it was at the termina- 
tion of the compression. 

In this important class of gas engines, two divisions 
have been recognised scientifically, and have strangely 
been represented by two important manufacturers in 



56 COMPRESSION ENGINES. 

trade : we allude to the Otto gas engine as represent- 
ing one division, in which the whole of the four 
periods of the cycle are performed in the motor 
cylinder; and to the Clerk engine, in which part 
of the cycle is performed in a pump or separate 
cylinder. 

It has been already pointed out that the drawback 
to the direct working in opposition to atmospheric 
engines can only appear justified by practical adop- 
tion when essential changes in the principle of the 
motor — changes of its cycle process — are considered 
in connection with it. As well as that with these 
engines the mixture is compressed before ignition, the 
piston velocity is considerably increased, and the 
combustion is prolonged. As concerns the first cir- 
cumstance, smaller dimensions of the cylinder must 
be allowed as an advantage ; also increase of the cer- 
tainty of ignition, because the single gas particles, 
which may be considered as floating in the air— or, 
more generally speaking, in non-combustible parts of 
the mixture — lie nearer one another in the com- 
pressed mixture than in that at only atmospheric ten- 
sion ; consequently the transmission of the flame 
through the whole is facilitated. We may, therefore, 
work with a poorer gas mixture, and obtain from it, 
in consequence, less initial temperature of the expan- 
sion, requiring to carry oflf less heat by cooling. 

The piston velocity of the older engines was, as 
cited, always less than one metre per second ; their 
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construction did not allow a greater value, even when 
the cylinder worked double, for otherwise the recoils 
from the explosions were too violent, and the strained 
parts suffered too much. Atmospheric engines, on the 
other hand, had at the right moment very great 
piston velocity, as the piston flew up freely ; therefore 
its diminished consumption of gas. Then the tempe- 
rature arising from the explosion is the same in the 
atmospheric engines as in those working direct with- 
out compression, but it sinks more suddenly with 
greater velocity of the expansion ; there is less time, 
therefore, to transmit heat to parts of the machine or 
to the cooler, and a greater part of it may be con- 
verted into work. When an atmospheric engine 
makes thirty-five piston strokes, each one metre, in 
the minute, its average piston velocity is certainly 
small — only 0*58 metre. The piston velocity in the 
outflight period is, however, very considerable, as, 
according to Meidinger's observations, this takes only 
one-tenth of the duration of the whole play. We 
shall see very clearly how great is the influence of 
the piston velocity; for it is not easily observable 
that other circumstances should cause an essential 
difference in the consumption of gas of the atmos- 
pheric engine, compared with those working direct 
without compression. If we could give the latter class 
of engines the same piston velocity, then the differ- 
ence would be scarcely apparent. 
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Otto's Engine. 

In Figs. 25 to 87 — 85 G is represented an eight-horse 
motor. This is a horizontal arrangement, similar to the 
usual steam-engine. A is the cylinder provided with a 
cooling jacket, at one end open, at the other consider- 
ably lengthened beyond the inner dead point of the 
piston. The space thus formed, or so-caUed combustion 
chamber, amounts to about two-thirds of the play of 
the piston. In this part of the cylinder there are two 
openings, a and b; a iox the inlet and the ignition, 
b for the exhaust. The first is opened and closed by 
the slide B, the latter by the valve C. The piston D 
transfers the force taken up by piston rod, crosshead, 
and connecting bar, to the crank shaft, which carries 
pulley and fly-wheel, and by which the slide movement 
is promoted through the gearing, the shaft, G, crank, 
H, and connecting bar, I. The slide cover is pressed 
by a spiral spring against the slide ; two suitable nut- 
screws secure it when the springs are not of sufficient 
tension. 

The engine is single working. The cylinder serves 
alternately as compression pump and working cylinder. 
When the piston moves from the dead point position 
forward, it draws in the explosive mixture. When it 
makes its stroke backwards it compresses the mixture ; 
it goes then, for the second time, forward, the explosion 
foUows, and the expansion of the combustible products ; 
when it returns for the second time it drives out the 
combustible products. The working period, therefore. 
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comprises fonr half piston strokes, or two revolutions 
of the engine. The special performance of work only 
takes place daring the third part of the period ; daring 
the first, second, and foarth sections a part of tho 
work is again used in the engine ; the active force of 
the fly-wheel must here help out. 

In order that this mode of working may be avail- 
able, the slide makes only half as many strokes as the 
piston ; the wheels E F are as 1 : 2 ; the governing 
shaft G rans at only half as many revolutions as the 
main shaft. The movement of the slide is now as 
follows in reference to the piston movement, so that it 
may fulfil its functions of feeding and regulating. In 
the representation, Fig. 28, let the circle 1, 2, 8, 4 be 
the cycle of the slide crank, and i, ii iii, iv, that of 
the piston crank, which, on account of the more conve- 
nient view, is supposed to be displaced in the plane of 
the first. As now in the initial position of the working 
period, the slide crank lies towards the piston crank at 
about 45**, and as it makes only half as many revolu- 
tions as the latter, the positions 1, 2, 8, 4 correspond 
with the positions i., ii., iii., iv. During the first piston 
stroke i. ii., the slide goes from its first position, a, into 
the dead point B, and from this into the first again, cor- 
responding to the action of the slide crank 1, 2. This 
movement accomplishes the filling. During the second 
piston stroke, ii. iii., the piston compresses the mixture 
in the cylinder ; the slide, the crank of which goes from 
2 to 8, keeps the engine closed; whilst the third 



6o COMPRESSION ENGINES. 

piston stroke iii., iv., causes the explosion and expan- 
sion of the combustion products. The slide must, 
therefore, after it has passed the position gained, effect 
the ignition ; then, whilst it returns through its dead 
point behind 8, into the same position, corresponding 
to the crank action 3, 4, keep the engine closed. The 
same is the case when the fourth piston stroke, 4, 1, 
occurs, corresponding to the crank movement 3, 4, 
because the driving out of the combustion products 
does not take place through the slide, but through the 
exhaust valve. 

In order to be able to fulfil these conditions, the slide 
is arranged as Figs. 29 to 85 represent. Fig. 29 shows 
a horizontal section through the back part of the 
cylinder, as the height of the centre line, and the 
marked position is that which the slide must occupy 
at the beginning of the first period ; therefore position 1. 
If it now goes from left to right in the first half of the 
first period, the air streams out of the space c, which is 
in connection with the external atmosphere, through 
the conduit d into the opening a, whilst the gas comes 
out of the space e of the slide cover through a series of 
fine openings, /, lying one above another, and mixes 
here with the air. 

Ignition is effected in the following manner. There 
is in the slide valve a chamber which communicates 
immediately with an especial gas conductor on the 
cover shortly before position 3. This chamber is, 
therefore, filled with gas, and serves for the formation 



OTTO'S ENGINE. 6i 

of a connecting flame between the ignition flame, 
always burning in the cavity of the slide cover, and 
the charge ; such a connection is necessary, because 
the charge at the time of the ignition possesses a higher 
tension, and, therefore, cannot communicate with an 
open burning flame. If now the connection chamber 
is filled with gas and air, the mixture is ignited at the 
ignition flame ; afterwards this connection is cut off, and 
then communication restored, through quite a narrow 
oonduit, between the connecting flame and charge. As 
the conduit is so very narrow, the flame is not extin- 
guished in the chamber by the passage of a strongly 
tensioned charge, and the tension is equalised, so that 
immediately the mediating chamber gets into connec- 
tion with the further opening a of the cylinder the 
flame strikes into the charge, and may cause it to 
explode. 

In immediate proximity of position 8 there must 
take place three consecutive circumstances : (1) forma- 
tion and ignition of the mediating flame ; (2) equalising 
the tension ; (3) ignition. 

Fig. 80, a vertical section on x y in Fig. 29, repre- 
sents the source of the mediating flame. In the slide 
there is the chamber g ; this communicates with the 
flue h, placed at the slide cover. The ignition flame 
bums in the flue h, at the opening of it, which facili- 
tates the entrance of air. Into the chamber g the 
mouth of the conduit k opens, and to this the con- 
duit I, in the slide cover, leads the gas which fills the 
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chamber and ignites the burning flame in the cover. 
Through the further movement of the slide, it attains 
the position Fig. 81 ; here occurs, by the small con- 
duit mouth m, on the connection with the interior of 
the cylinder, the equalising of the tensions. A little 
further continuation of movement of the slide allows g 
to meet with the greater opening a and effect the 
ignition. 

It is clear that these positions also occur on the 
reversal of the slide c, in reversed succession, and that 
in consequence a slight blowing out of the combustion 
product takes place from the cylinder through the 
mediating chamber into the ignition flame, and a 
little gas current out of I upon the same stroke; both 
are not, however, of importance, effecting only sUght 
flickering of the ignition flame. Figs. 82 to 35 give 
views of the valve face, both at slide surface, and the 
slide cover ; they require no explanation, 33 and 35 
are drawn reversed on account of the better view. 

The regulating of the engine is very ingenious. It 
was previously pointed out that it is necessary to take 
care, in the governing, that the mixture of the gas and 
air, required for combustion, is in proper measure. That 
is not possible with a valve on the gas pipe, which is 
closed more or less by a centrifugal regulator. Otto 
has therefore preferred so to arrange the regulating 
valve, that it either provides for the entrance of the 
proper gas mixture, or admits no gas at all into the 
engine, so that this runs empty, or only draws in air. 
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compressing, expanding, and expelling it. The arrange- 
ment is shown Fig. 25 and 27 K; the regulating 
valve in question is represented in detail in Fig. 86. 
It is kept closed by a spring n, and only opens when a 
spoke o of the cam p placed upon the governing shaft 
lifts the one limb of the angle lever g, the other limb of 
which leans against the valve bar. This takes place 
quite regularly with normal action of the engine; 
so soon, however, as it goes too quickly, and the balls 
of the regulator L rise, the angle lever r moves the cam 
p so far aside as to allow the spoke to pass the leg of 
the angle lever. No gas can now enter until the 
balls of the regulator have again sunk ; a series of 
explosions occur. In order that the valve K may not 
remain open on the stoppage of the engine, and also 
that the gas pipe may be securely closed, the arrange- 
ment is so regulated that when the balls of the 
governor are quite down, the cam p is moved aside to 
the right, so that the spoke can never stand under the 
angle lever g. The consequence of this would be, that 
the machine must be turned so fast in running that 
the balls of the governor would rise, a matter of im- 
practicability. There is, therefore, the small rotary 
support 8 provided ; this is set up before the engine is 
put into motion and the cam p moved into the right 
position ; as soon as the explosion occurs, the support 
is free and falls down. 

The exhaust valve 0, which is represented in detail 
in Fig. 37, is controlled by the governor shaft through 
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the cam t ; this carries a catch which presses back at 
the appropriate time the angle lever u , which lies 
lightly against the cam by spring pressure and 
generally holds the valve closed. Because, however, 
the engine is turned with difficulty when the compres- 
sion is to be overcome, there is arranged upon the 

I 

cam t a second catch o, placed about 180^ with the 
first, and half as broad as this, which operates, in 
regular action upon the angle lever u, and thus upon 
the valve g. If, however, the cam is pushed to the 
right by the hand lever v, then the valve opens 
twice in one period — namely, during the discharge and 
during the compression. The engine now runs easily ; 
and as soon as it gets into motion the hand lever is 
again reversed. 

After this description, the action of the engine may 
be understood up to one point — ^the arrangement for 
the attainment of a slow combustion. The whole gas 
mixture does not explode at once, but only a part of 
it; the rest then bums away gradually, whilst the 
piston moves forward. That this, in fact, is the 
case may be concluded from the indicator diagram ; 
this also shows that, with the expansion, an additional 
heat occurs, which cannot be explained otherwise than 
by the phenomenon of the " after " combustion. The 
cause of this phenomenon, to the importance of which 
attention has already been drawn, is to be sought in 
the large combustion space in which, at the end of 
every working period, great quantities of combustion 
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products remain. Slaby,* and probably Otto him- 
self, accept the following explanation. As behind the 
piston, in its first dead-point position, combustible 
products entirely are to be found, and as the piston 
in the forward action, at the beginning, draws in only 
air, and only, later on, a combustible gas mixture, 
these gases do not mix equally — there is a stronger 
mixture collected at the foot of the cylinder than 
further towards the piston, and this inequality is not 
entirely removed by the compression now following. 
The violent mediating flame now strikes like a shot 
into the cylinder, and effects the explosion of the rich 
gas layers behind. During the action of the piston, 
the gradual combustion occurs of the further gas par- 
ticles in the mixture of air and residuum lying in 
front ; the cushion of indifferent gases lying in the 
inmiediate proximity to the piston modifies, at the 
same time, the blow upon this. There is no ques- 
tion that this explanation would be completely satis- 
factory if the stratified positions of the gas were 
known ; the absolute assumption of it, however, would 
be somewhat bold. Weddingf maintains that the 
after combustion occurs according to Bunsen's law: 
thus only so much gas is consumed as belongs to the 
production of a temperature, at which the dissociation 
of the combustible product must take place. Yet it is 
not easily perceivable why, with a mixture containing 

* Sitzungsbericht des zur Vereins Beforderang des Gewerbfleisses in 
Preussen, 3 March, 1879. 

t Pogg. Annalen, Vol. 131, p. 161. 
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no residuum, how it was expended in the old direct- 
working engine, no after combustion taking place. 

In the general disposition of such an engine, the 
gas-pipe has one (with larger engines there are two) 
rubber bag interposed, in order to protect the contents 
of the pipe from the suction of the engine. The gas- 
pipes for the ignition flames have to branch off from 
before the rubber bags, in order that these flames may 
burn quietly. The application of a gas pressure regu- 
lator is also desirable. The air is best taken from a 
suction vessel, so that no impurities can come into 
the engine, and noise may be avoided. In order to 
avoid the violent detonation, or so as to make it less 
loud, an outlet valve is inserted in the exhaust-pipe. 

If there is sufficient water for the procedure, it 
may be allowed to flow continuously through the cool- 
ing jacket. If a cistern is used to which the heated 
water is returned, the source of the supply must hold 
one cubic metre per horse-power. The arrangement at 
starting is as foUows : — The support s is set up at the 
regulator ; the compression thrown out of gear ; the 
cold-water pipe opened; both taps of the ignition 
flame opened and the flame ignited, the tap arranged 
as may be most suitable to correspond with the pres- 
sure of gas ; and the engine is now brought into action 
by a sudden turn of the fly-wheel. The regulating 
tap is opened now by degrees, and finally the trans- 
mission belting is thrown in gear. 

The care of the engine is simple ; it requires very 
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little attention. The principal care is good oiling for 
the cylinder and slides ; this is secured by a self-acting 
arrangement. In the grease vessel L, Fig. 25, there 
is a small chain pump, driven by a cord oflf the govern- 
ing shaft, and this moves the oil in drops to the 
front end of the cylinder and the pipe leading to the 
slide boxes. For the sake of good maintenance, it is 
well, as a rule, to take the slide asunder every week, 
and to clean it ; every two weeks to remove the 
piston, and to examine the whole engine thoroughly. 
This work requires respectively two and eight hours 
time. The necessity for oiling is very small ; the pos- 
sessor of an eight-horse power engine states that he 
uses in thirty working hours one kilogramme, consist- 
ing of three quarters rape oil, and one quarter petro- 
leum. The communication of the following hint may 
perhaps be welcome to many. It happens occasionally 
that the engine will not move at all ; after some time, 
however, it freely moves. This may probably happen 
from a little oil being in the trough of the slide cover, 
through which the gas streams for the mediating 
flame, and making it difficult for the gas to approach. 
Notwithstanding the engine is only single working, 
it goes very regularly, particularly with a heavy load. 
Suction takes place with pressure a little under 1 
atmosphere, the compression shows 8 atmospheres ; 
through the explosion the tension is sent up to about 
11 atmospheres, and sinks gradually again, in conse- 
quence of the expansion to 8 atmospheres, then the 
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outlet valve opens at about 10 per cent, of the piston 
stroke before the dead point ; at the dead point the 
tension is close upon 1 atmosphere, and remains so to 
the end of the working period; the gases escape at 
fully 400°. Prom the diagrams it is conclusive that 
the highest temperature is 900 or 1,000**. 

The consumption of gas may be taken at 1 cubic 
metre per horse and hour; naturally with large engines 
relatively less than with smaller. By experiments we 
find occasionally smaller quantities ; it must be remem- 
bered, however, that in such cases the engines are 
usually thoroughly cleaned; for ordinary working 
one will not make a mistake with the above figure. 

In the following tables* are the results of a series 
of brake experiments, which have been taken with such 
engines. The experiments 6 — 16 especially, will show 
how beautifully the regulation works ; the figures for the 
consumption of gas per hour and horse-power increase 
only slowly with decreasing work requirements. The 
influence of cooling is visible with experiments 11 and 
13 — 16, the temperature of which was maintained at 
65 — 75°; with experiment 12, however, at 82 — 88° 
Whilst the other data in 12 and 13 agree pretty closely, 
the consumption of gas in the first case is higher 
than in the last. With experiment 14 the cooling 
water was measured ; it gave with an increase of tem- 
perature of 12 — 17°, a consumption of 175 litres 
hourly. The influence of the gas pressure, which 

* Schottler's Gas-Machine, p. 49. 
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varied from 18 — 24 mm. water pressure, conld not 
be established. 

Pbofessob Thubston's Expebiments. 
Frevionsly to the results obtained by Messrs. 
Morgan Brooks and J. E. Steward detailed farther on. 
Professor Thurston found from trials with gas engines 
of various size and design that the consumption of 
water-gas varied from 21*2 to 23*4 cubic ft. per horse- 
power per hour, in engines of 6 to 7 indicated horse- 
power, up to 28*5 to 24*5 cubic feet in an engine of 
2 horse-power or less. 

Frietion of mechan-) ^ « / x x i -l xi 

ism absorbed .. J4'5 /<■ ^^ '^'^ combustion; 

or from 40 •/, power in smaUer ) .__•_-. 
to 20% „ larger / ^^^mes. 

Waste at exhaust 12 'L total heat of combust, small) 

^? I beat transformed into nsefiil work. 
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In one case the distribution of heat of combustion 
was as follows. 



Engine, 
7 H-P. brake ; 
8-9 H-P. indicator. 



IJsefdl dynamometric work 


14-27 


Workofpmnp 


•42 


Fnction of meclianiHm ... 


4'io 


liOst in exbanst ... 


23-55 


Lost in water jacket 


46-90 


Badiation^&c 


1076 


Heat supplied ... 


lOO'OO 






Gas consumed, 
21-2 H-P.H.ind.; 
276 H-P. H. brake. 



The following are the principal dimensions of the 
Otto engine used by Messrs. Morgan and Steward. 
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Piston stroke 


... 356 mm. 


Diameter 


... 216 mm. 


Diameter of brake pnlley 


7^2 mm. 


Length of friction lever 


420 mm. 


Weight of two fly-wheels 


... 75okilog. 



Yolnme of compression chamber 38 per cent, of total volnme 

of cylinder. 

The supply of air was measured, as well as of that 
of gas, so that their proportions might be accurately 
known and not derived from calculation. 

The temperatures of water entering and issuing from 

the cylinder jacket and of the exhaust gases are given. 

Gas pressure i^ inches, or 30 mm. 

Air „ ... ... 2 „ 5^1^^^^* 

SuMMABY OF Tests. The " horse-power in gas 
burned ' ' was calculated from the analysis of Hoboken 
gas, and is the dynamic equivalent of the heat capacity 
of the gas. The ''horse-power lost by exhaust," and 
" by water jacket," were calculated from the specific 
heats of the discharged gases and of water. The 
indicated horse-power was computed in the ordinary 
way from the number of explosions and the mean 
effective pressure. The area of the cards between the 
compression and expansion lines was measured with 
an Amsler planimeter. An allowance was made for 
the area between the exhaust and admission lines^ 
representing work done in expelling the burned gases, 
and in dravnng in the fresh charge. This allowance is 
equivalent to a little more than one-tenth of an 
atmosphere mean effective pressure. 
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Fbiction op Engine. — The difference between the 
indicated and the actual work gives the amount of 
friction in the engine. In tests 10 and 17 this falls be- 
low 15 per cent of the indicated work, a somewhat 
doubtful figure. The average of all the tests at full 
power is 18-6 per cent friction, a remarkably good result. 

The gas used gave on combustion 5*495 calories 
per cubic metre according to ordinary calculation, and 
was used at a temperature of 24° C. A richer gas, 
or one used at a lower temperature would give greater 
power for the same volume. 

The table of results, at varying power gives the 
results of tests made when there was not sufficient 
resistance to make the engine take gas every time. 
This is the ordinary condition of running, for it is well 
for the governor to have a reserve of power to draw 
on. The gas consumption per indicated horse-power 
with varying power is nearly constant, but per actual 
horse-power increases, since the ratio of friction to 
useful work is greater. The advantage of the governor 
in ensuring the greatest possible economy, when the 
engine is not moving at full power, is thus shown. 

Eatio of Aib to Gas. — The ratio of air to gas was 
found by actual measurement of both, to be about 
seven to one, when the engine was working most 
economically. Although with better gas the ratio would 
be slightly increased, yet it could not equal that usually 
given for the Otto engine, ten to one, or thereabouts. 

The ratio is commonly obtained from a measure- 
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ment of the gas consumption alone, the air being 
reckoned as the volume of the piston displacement, 
less the measured amount of gas. 

This is not an accurate method, as is shown by the 
indicator diagram (Fig. 88). The pressure in the 
cylinder is sensibly below the atmospheric at the end 
of the out stroke, and it is manifestly unfair to com- 
pare volumes when the pressures are different. If, 
however, the volume represented on the indicator card 
between the points 1 and 8 (at which points the gases 
enclosed in the cylinder are at atmospheric pressure) 
be used in calculation, instead of the entire piston 
displacement, a much closer result will be obtained. 
The ratio determined by means of two meters, is how- 
ever, much more satisfactory than a calculated result. 

When the proportion of air is increased by partly 
closing the gas valve, the card obtained is like B or C 
(Fig. 89); the explosion line is much more inclined, the 
mean effective pressure is less, consequently also the 
indicated horse-power. 

The gas consumption per indicated horse-power is 
not much changed, but per effective horse-power it 
becomes considerably greater, showing the false eco- 
nomy of throttling the gas supply. A comparison of 
tests 16 and 20, in which the conditions other than 
the ratio of air to gas are nearly identical, shows very 
plainly the disadvantage of using too little gas. 

A careful comparison of the results fails to show 
that any marked difference in either the indicated or 
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actual work is caused by varying the temperature of 
the water jacket, the greater direct radiation with 
warm water balancing the greater amount of heat 
carried off by cooler water. 

In the calculation, 

Cp 
v = — = 1"37 

y cv 

Specific heats of gases are not supposed to be 
greater with higher temperatures. 

The Indioatob Diagbams. — The indicator diagram, 
Fig. 40, is a fair sample of those taken during the 
tests at full power. Beginning at the point 1, the 
lowest line of the diagram represents the pressure 
during the first forward stroke, while gas and air are 
entering the cylinder. This line lies at a nearly 
uniform distance below the atmospheric line, as is 
shown more clearly on the diagrams taken with 
a very slight spring. This line, 1, 2, shows a 
negative pressure of about 0*15 atmosphere. At 2 
the inlet valve closes, and by the return stroke the 
gases are compressed into the clearance space at the 
back end of the cylinder. This compression is re- 
presented by the line 2, 3, 4, 6, which crosses the 
atmospheric line at 8, and shows a pressure of 2 at- 
mospheres at 5. One revolution of the engine is now 
completed and the charge is ignited just as the crank 
is passing the centre. The rapid burning of the gas 
liberates a large amount of heat, increasing the 
temperature and pressure, which reaches about 9 at- 
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mospheres as a maximum. The line 5, 6 is called 
the explosion line, although the action is better de- 
scribed as rapid combustion than as an explosion. 
The gases now expand during the second forward 
stroke, and exert upon the piston energy which, by 
means of the fly-wheels, carries the engine through 
the remainder of the cycle. At 7 the exhaust valve 
opens, allowing the burned gases to escape. The line 
8, 1 shows the pressure while these gases are being 
expelled by the second return stroke of the piston. 

When the governor prevents the admission of gas 
to the cylinder the cycle is somewhat modified. 
After compression of the air no explosion can take 
place, since there is no combustible mixture present. 
The expansion line then follows closely the previous 
compression line, and the cycle is completed by expul- 
sion of the air. Two revolutions are required to 
complete the cycle when the engine takes gas at every 
charge ; and four, six, eight, or sometimes ten revolu- 
tions may occur before the engine returns to its 
original state. 

In Pig. 4 are given copies of two cards : one A taken 
during test 1, when the engine took gas every time. 
Since in test 1 four charges of air passed through the 
cylinder after every explosion, the products of combus- 
tion were almost completely expelled, leaving the 
clearance space filled with nearly pure air at a tem- 
perature little above the atmosphere. A larger charge 
of gas could thus be drawn into the cylinder and still 
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have sufi&cient oxygen for combustion. The result is 
shown by the greater area of diagram A. The mean 
effective pressure is not, however, proportionately 
greater, since the correction for work done in drawing 
in gases has to be applied five times to A, and only 
once to B. 

It will be noticed especially by a light spring 
diagram that the pressure between the points 9 
and 10 falls below the atmospheric. This is un- 
doubtedly due to the rapid cooling of the hot dis- 
charged gases in the exhaust vessel and pipe outside 
the engine. The contraction of these gases from this 
cooling is greater than the piston displacement during 
the early part of the return stroke, thus causing a 
partial vacuum within the cylinder. To show that 
this is the real cause, and that it is not due to any in- 
accuracy of the indicator, a diagram was taken when 
the engine was running without taking gas every 
time. After an explosion the pencil follows the 
lines, a, b, c, d, the same as 8, 9, 10, 1, on the 
other diagram. During the next forward stroke no gas 
is taken in, and the line, d, e, corresponding to 1, 2, 
is drawn. Then follows the compression line, e, f, g, h, 
the same as 2, 8, 4, 5. Since there is no explosion 
this time, the pencil returns along the wave line, 
i, j, k, Z, nearly coincident with the compression line. 
At m, the exhaust valve opens, allowing air to enter 
from without. The pencil does not return to ^, but 
moves to n, nearly on the atmospheric line. Since 
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the gases have not been heated, there can be no con- 
traction to counteract the piston displacement, and on 
"the return stroke the exhaust line, n, o, p, q, immedi- 
ately rises above the atmospheric, as would be inferred. 
That it keeps above the other exhaust line, 6, c, d, for 
the whole length of the stroke is a further confirma- 
tion of this reasoning. 

The authors account for the expansion line being 
adiabatic, or nearly so, by continued combustion of 
portions of gas previously prevented from combining by 
high temperature, and accept the dissociation theory, 
and add it is quite possible that the gas is not fully 
burned until after the opening of the exhaust valve. 

Epficienoy. — ^As the cycle in which a gas engine 
works does not even approximate to the theoretical 
cycle of Gamot, it seems futile to apply his formula 
for efficiency. 

The indicated work represents 18 per cent of the 
total heat of combustion of the gas. The useful actual 
work is 14J per cent. 

An efficiency sometimes given for the Gas Engine, 
derived from the indicator diagram alone, is the indi- 
cated work divided by the indicated heat, giving about 
80 per cent. This is manifestly incorrect, since the 
indicated heat is not the whole heat of the gas. 

The best steam engines utilise only 10 per cent of 
the total heat of combustion of the coal, and small 
engines rarely exceed 5 per cent., so that the gas 
engine is by far the more perfect heat engine. 
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Disposition of the Heat. — Heat is disposed of in a 
gas engine in these ways : 

(1.) As indicated work, including useful work 

and friction. 
(2.) In the hot expelled gases. 
(3.) In the water jacket. 
(4.) In radiation, &c. 
Taking the figures directly from test 19, but making 
allowance for probable error in the figure for water- 
jacket, it is found that — 

(i.) = 1*33 calories, or 17 per cent. 
(2.) = i-i8 „ i5>i „ 

(3.) = 4-00 „ 52 „ 

(4.) = i-i8 „ i5j4 „ 

the sum 7'69 calories, being the total heat of combus- 
tion of the gas. 

Eelatiye Economy of Gas, Steam and Hot Air 
Engines. — In making a comparison of this kind it is 
necessary to consider 

(1.) The cost of gas or coal consumed. 
(2.) The cost of water used. 
(8.) Lubrication. 
(4.) The cost of attendance. 
(5.) Depreciation and repairs. 
(6.) Interest on capital invested. 
(1.) The average consumption of gas in a gas 
engine per effective horse-power per hour, including 
igniting flames, is about 80 cubic feet. 

The consumption of coal per effective horse-power 
per hour by small steam engines is about 7 lbs. 
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(2.) The water used in the water-jacket of a gas 
engine will not enter into the estimate, since by the 
use of tanks the same water may be used continuously. 

The water supplied to the boiler of the steam 
engine here considered amounts to i cubic foot per 
horse-power per hour. 

(4.) A gas engine requires little or no attendance. 
A man can accomplish f of a day's work and still take 
full charge. 

Steam engines of this size require from i to 1 
day's attention, depending upon the proximity of the 
engine and boiler. 

(5.) As regards depreciation, it is safe to say that 
gas and steam engines have about equal terms of life ; 
for, while gas engines have less complication of work- 
ing parts than steam engines, yet they are subject to 
more severe and abrupt strains. 

(6.) The interest will necessarily be directly pro- 
portional to the amount of capital invested. 

The following summary shows the relative cost of a 

day's running, in America where the tests were made : 

Gas Engine, 8 H.P. actual, id Hours. 

(i.) 2,400 cubic feet gas @ $2.50 per 1,000... $6.00 

(2.) Water ... ... ... ... ... 0.00 

(3.) Lubrication ... ... ... ... 0.20 

(4.) i day's labour @ $2.00 0.33 

(5.) Depreciation, &c., @ 12 per cent, per 

year, 3VV per cent, on $1,075 ••• 0-3^ 
(6.) Interest at 5 per cent, per year, -g^ per 

cent, on $11075 0'^5 

Daily expense I?*©^ 
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Steam Engine, 8 H.P. actual, io Houes. 

(i.) Coal, ^^^ tons @ $5.00 $i«25 

(2.) Feed water, 65 cub. ft. @ $1.25 per 1,000 0.08 

(3.) Lubrication 0.15 

(4.) J day's labour at $2.00 i.oo 

(5.) Depreciation, &o., at 12 per cent, per year, 

-^ per cent, on $800 0.27 

(6.) Interest at 5 per cent, per year, -yj^ per 

cent, on $800 ... ... ... ... o.ii 

Daily expense $2.86 

The following figures have been obtained for the ex- 
pense of running a small hot-air engine. This engine 
has been running in a printing office in New York City 
for 18 years. It uses 4^ lbs. of coal per horse-power 
per hour ; every third year relining costs $100. 
HoT-AiR Engine, 2^ H.P. actual, 10 Hours. 

(i.) Coal, ^Jg^ tons @ $5.00 $0.25 

(2.) Water ... ... ... ... ... 0.00 

(3.) Lubrication ... o.io 

(4.) Attendance same as for gas engine ... 0.33 
(5.) Depreciation, &c., @ 10 per cent, per year, 

-^ per cent, on $750 0.21 

(6.) Interest @ 5 per cent, per year, y|^ per 

cent on $750 o.io 



Daily expense $0.99 

The cost of one horse-power per hour is, 

With gas engine 8f cents. 

With steam engine 3^ cents. 

With hot-air engine 4 cents. 

For intermittent work the gas engine is much more 

economical than the above figures indicate ; and this 

fact, together with its safety, cleanliness and conveni- 
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ence^ makes the gas engine very desirable where small 
powers are required. 

The original and classic type of the Otto engine has 
received improvements at the hands of both its Ger- 
man and English manufacturers. Otto himself^ ac- 
cording to his English patent of 1881 (No. 60) has 
proposed, when dealing with gas of lower combustion 
power than ordinary lighting gas, to completely remove 
the products of combustion, by the aid of an auxiliary 
piston, which piston is situated in the rear end of the 
cylinder and is returned by a spring acting under the 
action of a cam and levers. 

Crossley's Engine. 

In the first type of this improvement on the Otto 
engine patented in 1880 (No. 4,297) explosion occurred 
only once in two revolutions, and the products of com- 
bustion were removed by a pump supplying a flow of 
air under a low pressure. 

In the second type of engine patented by Crossley 
in 1881 (No. 6,469) there is an explosion at each re- 
volution. After the explosion, the motor-piston allows 
a part of the products of the explosion, at a certain 
point in the stroke, to escape directly into the atmos- 
phere. At this point, the slide valve puts the cylinder 
into connection with a chamber in which a suction 
pump has determined a certain amount of vacuum. 
At the same time the cylinder receives the explosive 
mixture of gas and air preceded by a mass of pure air 

to prevent an explosion. Then the motor-piston un- 
ci 
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covers the igniting flame, and the cycle is again com- 
pleted. 

The improvements made in the Otto gas engine by 
the well-known firm of Crossley Brothers are, as their 
continued nse of the Otto patent shows, not so much 
changes in principle, as furtherance of the easy and 
practical action of the engine by overcoming mechani- 
cal difficulties. We shall deal with some of these im- 
provements, but from the limited nature of this work 
only briefly, when considering the various organs of 
the gas engines and their improvements en resume. 

Other Engines of this Type. 
Belonging to this class of engine is the later form of 
Lenoir (which to prevent misconception we described 
at an earlier part of this book). 

C. Q. Beechey (patent No. 1,318, of 1882) has in- 
troduced an engine in which it is endeavoured entirely 
to remove the products of combustion, after each ex- 
plosion and to regulate the working by determining a 
partial vacuum behind the piston. 

J. Shaw (patent No. 6,178, of 1881) and C. Wilden 
King (patent No. 4,223, of 1881) provide the combus- 
tion-chamber with walls of refractory clay. 

Martini (patent No. 1,060, of 1883) endeavours]^in 
compression motors to better utilise the expansion|of 
the explosive mixture, by so arranging that the drawing 
in and compression of the explosive mixture is^ pro- 
duced by a short portion of the engine stroke, whilst 



VARIOUS ENGINES. 85 

expansion and the exhaust are accomplished during a 
longer portion of the stroke. 

In Wordsworth. & Lindley's engine the cycle is 
characterised by the introduction of a lost stroke of the 
pump compressing the charge in the motor-cylinder to 
a much greater tension. 

Amongst the other English patents, that it is beyond 
our scope to describe in detail, can be mentioned, as 
including improvements in this class of engine, those of 
Biokerton (1,863, of 1881); Clayton (4,076, of 1881); 
Pielding (532, of 1881) ; Piddes (5,219, of 1880) ; 
Hutchinson (5,471, of 1880) ; R. Hallewell (5,092, of 
1878) ; Jenner (3,607, of 1880) ; Linford (1,500, of 
1879; 2,990, of 1881); Sumner (1,360, of 1882); 
and Watson (5,052, of 1879). 



CHAPTER m. 

COMPBBSSION ENGINES WITH COMPRESSING PUMP. 

Wittig and Hee's Engine. 
This engine is essentially distinct from the previous 
class^ by the fact that instead of one cylinder serving 
alternately as working cylinder and pump, it has two, 
each performing only one of these two functions. The 
engine is vertical, the two cylinders A pump, B working. 
Fig. 42—45, are placed in a cooling-jacket C with which 
they form one casting; the shaft D is above the 
cylinder and the bearings are an expansion of the 
jacket, serving generally as a frame. It has two 
cranks, both standing in unison so that the pistons 
make stroke together. The latter P and E are con- 
structed as plunger piston and so arranged that in the 
working cylinder a considerable combustion space ob- 
tains, about five eighths of the piston stroke. Both cy- 
linders are connected together by an outside pipe ; in 
this is interposed an automatic back stroke valve, kept 
closed by a spring. The engine works in the following 
manner : if the pump-piston is on the out-stroke from 
it lowest dead point, then it draws in the fresh com- 
bustible mixture, if on the instroke then it compresses 
the mixture. As soon as the tension is sufficiently 
high, it enters, through the back-stroke valve, into 
-Sff cylinder, where it mixes with the remnant 
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ccHnbn^ible products. If the. pistons stand at the 
lower dead pointy ignition follows, and the explosion 
closes the back-stroke valve, and the combustible pro- 
ducts eipand in the working cylinder, driving the piston 
up. • On the in-stroke the piston presses the combustion 
products out of the engine. After it has performed 
about three fifths of its stroke, it closes the outlet and 
the remaining combustion residuum is compressed: 
Immediately afterwards, the back-stroke valve opens, 
and the fresh mixture enters, as already stated, from 
the pump, so that during the last part of the revolu- 
tion both cylinders communicate, the contents of both 
cylinders mix in the working cylinder and are pressed 
together in common by both cylinders. 

The essential details are the following. The air 
enters the engine at a, the gas at & by a regulating 
valve V ; the access is regulated by the inlet valve c. 

This is opened by an eccentric from the shaft ; it is 
usually closed by spring pressure and only opens when 
the eccentric, by means of the catch e, presses the 
spring together. The pipe / leads from the pump into 
the working cylinder; in it is intercalated the back 
stroke, valve g. This pipe opens into a slide box, the 
slide of which operates the ignition, through the 
conduit h ; this slide box is in connection with the 
interior of the cylinder. The outlet is regulated by 
the valve i, generally held closed by spring pressure ; 
it is governed by the shafl^, and opened at the proper 
time by a cam on the shaft. The ignition G has the 
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following arrangement^ (see also Fig. 46). In the slide 
cover a flame, I, boms ; in the slide itself the chamber 
m is shut. If the slide stands in its lower dead pointy 
then the combustible mixture flows through the small 
conduit n of the slide box into the chamber m, whilst 
through air can enter. This mixture is ignited at 
the flame at the slide cover. If the slide is on the 
out-stroke, then the chamber m cuts off the connection 
towards I and o ; there burns in it, therefore, a mediat- 
ing flame, which strikes into the slide box and causes 
an explosion so soon as the chamber communicates 
with the conduit h. In order, however, that the medi- 
ating flame should not be extinguished during the back 
stroke, the feed follows continuously through n. For 
this object n opens into the trough p sunk into the 
valve face, the trough communicating with the bore q 
of the slide. However, in order to regulate the feed 
sufficiently and, give the mediating flame the direction 
of the conduit h, there are two pins, r and «, standing 
opposite to each other. The first is hoUow and serves 
only as continuation of the bore q ; the other is coni- 
cal in front and can be more or less moved forward, 
so that therefore the opening of the first pin out of 
which t]ie feed gas streams is more or less closed. 
The regulating is done by a conic-regulator. In the 
older constructions this closed more or less a valve 
in the gas pipe ; it was also so sensitive that it almost 
always found itself in its extreme positions, that is, the 
valve was held quite closed or entirely open, yet the 



KORTING'LIECKFIELD*S ENGINE. 89 

arrangement for the attainment of a mixture always 
equally combined was less suitable than that of Otto*s. 
On that account the latter arrangement is imitated in 
the newest engines of this system. 

The regulation valve v, usually held closed by spring 
pressure is, with normal action, opened with the en- 
trance valve €, usually by the cam; if the engine how- 
ever, goes too quickly, the regulator presses the upper 
rotary part x of the valve bar, and i, the catch conse- 
quently does not hit it, and the valve remains closed. 
The engine thus receives either no gas at all or a full 
load. 

That this construction, compared with Otto's, is a 
progress there is no doubt. The engine described, 
particularly with no load, is not quite so regular and 
uses somewhat more gas. 

Eorting - Lieckfield's Engine. This construction 
designed by Messrs. Korting, of Hanover, follows very 
closely the previous one, and is only essentially different in 
the ignition and regulating. We have here also vertical 
cylinders, one serving as pump, the other as working 
cylinder. Air and gas enter through a mixture valve, 
into the first, and are here compressed. The manner of 
working is essentially the same as previously explained. 
As concerns the ignition, the very simple arrangement 
is shown in Fig. 47. a is a hollow pin and below at its 
point at b is drilled a fine opening ; at c and d a ring 
of openings. This hollow pin is moved in the socket e 
attached to the working cylinder, so that the point b 
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riaos in the feed conduit* The socket has corres* 
ponding openings before which the ignition flame 
bums. : If ^ the pin a stands in the position shown, it 
will be filled with combustible mixture during the feed 
period : if it, however, rises then, the mixture contained 
in it is ignited; so soon as it is free from the cam action, 
it is caused by a spring (not shown) to resume its 
first position, and causes the explosion through the 
burning mediating-flame contained in it. During 
the rebound the tension is equalised through the 
opening c. The arrangement is essentially more 
simple than the slider of Wittig and Hee, and works 
with perfect certainty and more regularly. 

The second essential peculiarity is the regulation : 
it is based upon the idea of altering the tension of 
compression of the mixture. This takes place through 
increase of the compression space of the pump. To 
this end, there is provided next to the pump, a hollow 
space, and this is placed in connection with it by a 
conduit. This conduit is opened by the regulator when 
• the engine goes too quickly. When the engine exceeds 
its usual velocity, the feed mixture is given less tension 
in' the working cylinder, and therefore the working force 
isa"littleless until the regulator closes the connection 
between pump and hollow space. The idea, the basis 
of this arrangement is a good one; the same end is 
attained here as in the Otto regulation ; namely equal 
combination of the mixture. On the other hand the 
ngine receives a weaker propulsion at each revolution , 
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whilst -with Otto's, so long as the ifegnlatdr holds the 
gas valve closed, the engine experiences no propulsion 
at aU. It would appear that the described arrange- 
ment in reference to the regularity of action must be 
more favourable than that of Otto. Whether the prac- 
tical result realises the object sought can only be 
decided by comparative experiments, which at the 
present time are not before us. 

Simon's Engine. 

This is a steam-gas engine and appeared first at the 
Paris International Exhibition as an invention of 
Simon, of Nottingham. Fig. 48 representing it, 
embodies a somewhat later construction ; however, it 
will serve only as an explanation of the idea; the 
engine is now built horizontally. 

A is the pump and B the working cylinder. The 
first draws in the mixture through a valve, a, com- 
presses it, and repasses it through the valve &, into the 
reservoir C. Prom this it reaches, by means of the 
slide c, into the working cylinder. In this a constant 
flame, d, bums in front of a wire net, which is to 
prevent the return stroke into the reservoir, and so 
operates that the mixture in the mass is ignited as it 
overflows. After a sufficient quantity of it has entered, 
the slide closes the inlet conduit, and the combustion 
products expand until the end of the piston lift. In 
the back action they are driven out by means of the 
slide d', into the open air through the worm e. 

This worm lies in a small boiler D. The combus- 
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tion products, still very hot, evaporate the water, 
and the steam generated is conducted through the pipe 
/, , controlled by means of the slide c, into the water 
cylinder, where it comes to the help of the gas mix- 
ture, and lightens the oiling. 

The regulation is effected through simultaneous 
partial cutting off of the entrance of gas and air, in a 
perfectly rational manner, by means of the slide g, 
which is moved by the hub of the regulator, formed to 
correspond, against which it bears by the operation of 
a spring. 

It is observable that it is essentially distinct in two 
points from the arrangement previously described, 
namely by the gradual consumption instead of explo- 
sion and by the steam effect. 

The employment of steam is not new. Hugon 
applied it when he injected water into the cylinder. 
He desired, thereby, to increase the output and 
diminish the oiling, an attempt entitled to praise. The 
expenditure of steam, instead of water, appears rational, 
because thereby the heat is partially regained, re- 
generated by the combustion products. It may be 
asked, however, whether it should be regarded as an 
appropriate object for the gas engine which has the 
direct aim to put aside the steam boiler, with all its 
evil accessories and dangers, again to resuscitate 
them. That the small industries would like to be 
occupied with it, cannot be assumed. It also must 
not be forgotten that the attendance is essentially 
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heavier^ and the engine, as a whole, is considerably 
more complicated than with a mere gas engine. If^ 
consequently, the first peculiarity of the Simon engine 
appears of questionable value, this cannot be said of 
the second. The introduction of the gradual combus- 
tion in place of the explosion, is doubtless a progresive 
principle; there is only the question of carrying out 
the end suitably. Already Otto works by the introduc- 
tion of after combustion upon the idea of gradual com- 
bustion; and Simon's arrangement is nothing but the 
consequence of this. The more gradually the heat is 
introduced so much more time and opportunity has it 
to change into work, and so much less of it is turned 
into useless effect in the cooler. That we may do 
work with much less initial tension is not of much im- 
portance, but as a help, not to be despised. According 
to what has been brought forward, it is not without 
reason to regard the Simon engine as valuable in the 
future ; the question only is whether the difficulties to 
develop the idea are to be overcome and whether, 
perhaps, there may not be other unfavourable working 
conditions. This can only be determined by many 
experiments, which, in the interest of small industries, 
we wish all success. 

Dugald Clerk's Engine. 
To this time the best-known engine of the type repre- 
sented by this sub-division of compression motors is 
perhaps that of Dugald Clerk. We shall first describe 
this engine and then, in as nearly as possible the in- 
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ventor's own words^ discuss the views that led him to 
the design. Subsequently in another chapter we shall 
give the somewhat opposed views of M. Witz, as to the 
most economical action of a gas engine. It must be 
borne in mind that we endorse the views of neither 
the one nor the other. Although this subject is by no 
means a new one^ yet the theory has to be established 
and at this stage the honest writer can do no more 
than present equally the arguments advanced. 

The cycle of this engine is as follows, for one turn of 
the shaft. As regards, first, the pump cylinder, the 
crank of this cylinder is set on the shaft 90"^ in ad- 
vance of the driving crank. The pump, during the 
course of the out-stroke of its piston, draws in the 
volume of explosive mixture of air and gas necessary 
to actuate the out-stroke of the driving cylinder ; and 
an equal volume of air is drawn in that is not to mix 
with the explosive mixture at all. During the in-stroke, 
there is expelled, first, the air not mixed with the 
explosive mixture ; second, the combustible products 
remaining unexploded. 

During the out-stroke of the driving cylinder there 
occurs the explosion of the compressed mixture under 
nearly constant volume ; the expansion; exhaust of the 
products of combustion. During the in-stroke, there 
occurs the ends of the exhaust, and the clearance of 
the cylinder by air from the " displacer," the piston of 
which is at the middle of its back-stroke when that of 
the driving cylinder is commencing its stroke. The 
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exhanst is then closed, and compression of the mix- 
ture takes place in the motor cylinder and in the 
explosion chamber, daring the first half of the back- 
stroke, by the displacer. 

The distribution of the air and gas mixture has to 
be considered from two points of view as occurring in 
the pump cylinder and also as occurrmg in the motor 
cylinder. 

In the pump cylinder, during the outstroke, aspira- 
tion occurs, (1) of the mixture, (2) of the air juxta- 
posed to the mixture. 

(1). The gas is drawn in by the tube g (Fig. 49.), 
through the lighting chamber j, the conduit g, the 
valve m, and the tube p'. The air mixes with the 
gas around the valve m, arriving at jp', perfectly 
mixed. The mixture enters the displacer cylinder 
by an annular orifice p". 

(2). The aspiration of the air to be superposed 
upon the mixture, occurs towards the middle of the 
out-stroke of the displacer piston, and at the com- 
mencement of that of the motor piston, when the 
slide closes the orifice g', and the aspiration of the 
gas. Air alone is then drawn in. 
During the in-stroke of the pump piston, the motor 
cylinder is cleared, of (1) the air juxtaposed on the 
mixture during the first half of the back-stroke of 
the displacer piston and during the second half of the 
out-stroke of the motor cylinder, through the tube p\ 
valve A, and light chamber l\ into the combustion 
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chamber of the motor cylinder. This air clears before 
it the products of combustion. (2) Of the explosive 
mixture by the same way as the air, during the second 
part of the back-stroke of the displacer piston and 
the first part of the back-stroke of the motor piston. 

In the motor cylinder the following takes place : — 

(1). On the out-stroke — flighting, explosion of the 
mixture, compressed in the explosion chamber and 
preceded by a thin layer of pure air, or at least by a 
layer of air poor in gas. Expansion. Exhaust by 
the openings e, uncovered by the piston towards the 
end of its stroke. Admission of air from the displacer 
by A. 

(2). On the in-stroke — end of the exhaust and the 
clearance of the products of combustion by the air of 
the displacer. At midstroke, all the mixture is ad- 
mitted into the explosion chamber and into the 
cylinder. Compression of the mixture, the valve A 
being closed. 

For the regulation of the admission of gas to the 
conduit g\ a spring bar is connected by a tappet to the 
slide, by which it is guided. 

The ignition is effected, by the carrying in the slide, 
of a flame under pressure. The passage V, communi- 
cates with the base of the combustion chamber, and 
receives the explosive mixture by the openings and 
conduits to be found in the Figs* 49 and 50. 

Details as to the working pressures and tempera- 
tures of this engine will be found described in the 
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chapter devoted to the inventor's theory of the gas- 
engine. 

Other Engines of this Type. 

In Livesay's engine (patent No. 117, of 1880, and 
No. 2,299, of 1880) the compression reservoir has 
no piston for compression purposes. 

In Turner's engine (patent No. 3,182, of 1880, and 
No. 362 of 1882) of this type also, the compression 
cylinder is dispensed with by different arrangement of 
the two cylinders which are alternately motor and 
auxiliary cylinders. 

Besides other engines, James Atkinson has intro- 
duced a three-cylinder engine, the front face of the 
piston of which compresses the detonating mixture into 
a tube reservoir, small enough to avoid danger of explo- 
sion and to be sensitive to the action of a regulator. 
The mixture compressed at the front faces of the 
pistons, which run parallel, is distributed to the rear 
of the pistons by a circular slide valve. 

All of Atkinson's motors present novelties of igni- 
tion, regulation, and distribution, that we regret it is 
beyond the scope of this work to consider. The patents 
are Nos. 4,086, of 1881 ; 4,878, of 1882; and 4,888, 
of 1882. 

In Bobson's engine (patent No. 645, of 1888), and 

in that of O. H. Andrew (patent No. 3,066 of 1883) 
the piston rod has a piston at each end, respectively 

working pump or motor piston. 

Maxim's engine (Figs. 61 to 64, No. 182, of 1888), 

H 
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presents many noyeUies, both as regards its cycle and 
details. 

The operation of the engine is as follows : — ^A suit- 
able pipe for the supply of gas being connected to the 
pipe and to the burner g the machine is turned one 
revolution by hand; the air is compressed in the 
chamber XJ, and the air and gas mixed in the chamber 
a enter equally in such a manner that there will be in the 
space XT a pressure of gas and air of about 4*20 kilo- 
grammes per square centimetre. As the machine con- 
tinues to turn, and the piston approaches the end of its 
stroke, the slide-valYe L is moved by the eccentric into 
such a position that the flame enters at E and causes 
the explosion of the charge. The explosion impels the 
piston forward, and at the same time compresses the 
air on the opposite side of the piston (Fig. 52) into the 
chamber S. When the piston is about 25 millimetres 
from the other end of its stroke, the head of the rod 
comes in contact with the small lever 6, and thereby 
opens the large exhaust valve which permits the resi- 
dues of the es^losion of gas and air to escape. As the 
piston continues its forward movement, it passes the 
apertures T, and the air which has been compressed 
into the space S passes through these apertures and 
forces out of the cylinder, by the exhaust pipe, all the 
gaseous products of the explosion, and fills the cylinder 
with pore air. The expansion of the air by the heat 
sufficiently augments its volume, not only to expel the 
gas residues, but also to cause a certain quantity of pure 
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air to flow throng the exhaust aperture. On its retom 
stroke^ the piston passes the holes T^ draws in a fresh 
charge of air by the apertures "R, and when it has 
closed the holes T, the exhaust-valve D is closed ; at 
this moment the cam W is in contact with the friction 
roller X^ the piston of the gas pump is impelled rapidly 
forward, and the contents of the chamber a are forced 
into the cylinder. The piston B returning in the 
cylinder compresses the air and gas in the chamber U, 
and the flame being brought into contact with the gas, 
the charge is exploded and the piston performs its for- 
ward stroke as before. The piston of the gas pump is 
caused to perform its outward stroke by the action of 
the spiral spring &, which holds the friction roller X 
against the cam. When, moreover, the engine is work- 
ing slowly and the cam occupies on the shaft such 
a position that it is brought in contact with the friction 
roller X, the piston of the pump is returned suddenly 
to the bottom of its cylinder at each return stroke of 
the machine. But whenever the speed of the machine 
becomes sufficiently great for the centrifugal force of 
the weights to move the spring i outward, the cam W 
comes into such a position that it no longer touches 
the roller X; this position is represented in Fig. 61. 
When the speed diminishes, the spring i by its pressure 
upon the lever Z, forces the pin p inward and cau^ 
the cam to slide upon the shaft until it comes in i 
tact with the roller X ; a fresh charge of gas will fi 
be forced into the cylinder. 
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In a gas-engine^ it is necessary, in order that no gas 
shall be lost, to regulate the machine rather by th& 
number of the explosions than by their force, because 
a less proportion of gas would not produce an explo- 
sion. The proportion of air to gas should be about 
ten to one. This quantity may, moreover, be varied 
from five to fifteen, and if it is desired to obtain great 
regularity of the motor, the cam W may be made of 
different layers or plates, so that while doing less work 
the machine may be supplied with less gas. The 
capacity of the cylinder a is, moreover, considerably 
greater than is necessary whatever be the amount of 
gas employed ; so that there is a margin for the regu- 
lation of the machine. The cylinder of the pump will 
be entirely filled at each stroke, but the entrance of 
gas can be regulated by means of a cock, having an 
index, fixed on the pipe 0. It is obvious that, with a 
copious supply and a great pressure of gas in 0, the 
air valve P would not open, and that the cylinder of 
the pump would be filled with gas only, at each stroke. 
If, moreover, the cock at were partially closed, the 
gas could not enter rapidly enough to fill the cylinder 
when the movement of the piston was effected rapidly 
in such a manner that it would produce a sufficient 
suction to open the valve 7 which closes the air passage 
P. If air equal to half the amount of the charge is 
sufficient to produce the maximum explosive effect, 
then the cock at should be sufficiently closed to allow 
+he half of the contents of the pump to be drawn in 
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at P. In Fig. 54 it will be observed thai there are two 
Talves placed one above the other^ and that in every 
•case the aspiration causes the raising of the valve 6 
and the valve 7, if is closed, but not if is open. 
"The mixture of air and gas will be more effectual if a 
small quantity of air is mixed with the gas before it 
arrives in the exploding cylinder. 

When the piston moves forward and passes the holes 
T the air which has been compressed in S passes into 
the cylinder, as above stated. As soon as the piston 
has passed these holes on its return stroke, the com- 
pression commences in the cylinder. At the same 
moment the gas and air are forced in at the other end 
of the cylinder, and before the gas and air have time 
to become intimately mixed, they are compressed and 
ignited. At the moment of the explosion there is a 
layer of compressed gas and air at the left-hand end 
of the space U (Fig. 52), and a layer of pure air 
against the piston B ; the explosion at the left-hand 
end forces the air towards the right, and produces a 
high pressure with a much smaller consumption of gas 
ihan if the gas were mixed with the whole volume of 
air, because gas which would produce an explosion 
while occupying only one-third of the space U, 
would not explode if mixed with the whole of the air 
contained in the cylinder. Great economy is thus 
effected. By completely surrounding the cylinder by 
the air space S, a large number of holes T may be 
made, so that the residues of the gas may be com- 
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pletely expelled from the cylinder whilst the motor 
performs one-twelfth part of its stroke. By giving to 
the connecting rod a relatively small lengthy the time 
occupied by the piston for its return stroke is aug- 
mented so that the exhaust valve remains open during 
a considerable time, whilst the machine only makes 
one-twelfth of a stroke ; the time during which air 
may enter is augmented accordingly. The forward 
stroke of the machine is also rendered more rapid by 
the employment of a short connecting rod in such a 
manner that the piston moves rapidly^ and does its 
work before the gas can cool and diminish its pressure* 
The aiif^'necessary for expelling the foul gases from the 
cylinder is drawn in by the apertures E. These aper- 
tures are closed by clack valves of ordinary construc- 
tion, opening freely inwards, but preventing any egress 
of air. The space S is of such size that the pressure 
at the end of the stroke will not exceed 0-350 kilo- 
gramme per square centimetre. The water casing is 
not cast with the cylinder A. The joint which con- 
nects them is slightly conical, in order to ensure its 
being tight. The rocking shaft m is forged in one piece 
with the arms 8, and is held against its bearing by the 
action of the spring h. If during the working of the 
machine, the governor forces the cam W inward, and 
it comes in front of the roller X, this spring yields and 
the shaft m is forced inward, so that when the cam has 
passed the roller X, the spring forces back the shaft 
and causes the roller to engage with the cam W. 
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It will be seen that when the machine is not charged, 
or is working lightly, the action of the governor will 
cause the said machine to lose a stroke, that is to say, 
to make one stroke without effecting any work. The 
gas not entering, no explosion will occur. 

The flame which causes the explosion of the charge 
is admitted to the cylinder in the following manner : — 
The action of the eccentric moves the slide-valve L 
forward until the space M (Fig. 58) coincides with the 
aperture /. The draught of the chimney then draws 
in air at / whilst discharging at M all the gases which 
have been exploded. 

The lower extremity of the chimney is reduced in 
diameter to produce a draught at this point. When 
the chamber M coincides with the aperture /, a part of 
the gas contained in the chamber M is drawn into the 
chimney ; this portion of the gas is ignited, and the 
eccentric pushes back the slide-valve and closes the 
aperture /. In order to ensure that the gas in the 
chamber M shall not be extinguished, the chamber d 
is employed, which not only supplies gas to M, but 
augments the pressure at this point in such a manner 
that when it is opened to K the flow of the gas is not 
80 rapid as it would otherwise be. 

There is a small hole c through the slide-valve L, 
and another hole e, and the space between tnese holes 
is a little greater than the hole communicating witb 
the chamber d. When the hole c passes d, the explof 
gas flows through c and Alls d with gas at the Sf 
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preflgnre as thai in E. When the slide-yalYe is moved 
forward it closes c and opens e, the gas compressed 
into d then enters through the port e into M, and as it 
is of an explosive nature, it does not require oxygen to 
be supplied to the flame ; before this flame is extin- 
guished, the slide-valve L moves forward until M is in 
communication with E, and the explosive gas entering 
is ignited and the explosion occurs. If necessary, a 
small groove may be cut in the slide-valve L, so that a 
small quantity of gas may escape from K into M, 
whilst M is in communication with / and the chimney. 

Oil may be supplied to the cylinder with the gas and 
air through the admission valve I. The oil-cup may 
be of the kind usually employed in steam engines, and 
may be connected with the passage between 6 and 1. 
The metal tube 2 is rendered tight at its extremities by 
means of screw-nuts. The long screw-thread at one 
of its extremities permits of its insertion. 

The spiral spring should have considerable elastic 
force, and should be compressed by the screw so that a 
pressure of about 6*30 kilogrammes in S will be neces- 
sary to open the valve. The object of employing a 
safety valve upon this engine is to prevent too great 
pressure in the cylinder, in case an accidental explo- 
sion in the cylinder should take place whilst the charge 
is being compressed and the piston is moving against 
the charge, instead of in the other direction. 

The standards are of cast iron and are provided with 
bearings of anti-frictional metal ; the admission valve 
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I has a long rod which extends through the bottom of 
ihe cylinder; this valve is kept closed by a spiral 
spring k. Leakage around the rod of this valve is pre- 
vented by means of a cap which completely encloses 
the spring and the valve. 

Brass should not be employed for the heated parts 
of an engine, they should either be made of cast iron 
or of steel, the double stop valve should, however, be 
of brass. The friction roller should be of steel con- 
nected to the arm by means of a steel pin, and the arm 
should be firmly keyed to the rocking shaft m. The 
spring F should be of considerably less strength than 
the spring E in order to allow the valve D to be 
closed. 

The gas engine of C. W. Siemens is distinguished 
by the employment of a regenerator or economiser of 
heat, also of a differential piston, and of a method of 
ignition permitting of working with gas mixtures of 
lower inflammability and less richness than possessed 
by ordinary detonation mixtures. 

In the specification of a previous patent to which 
we shall presently refer. No. 2,504 of 1881, C. W. 
Siemens described a form of gas motor engine in which 
a shielded differential piston forces by its down-stroke 
a combustible mixture of gas and air into a receptacle, 
whilst a charge of the mixture from the receptacle 
enters the cylinder above the piston and is ignited and 
bums therein, expanding in volume. A later invention 
relates to means of ensuring the ignition of the gaseous 
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charge^ particularly when a mixinre of low combusti- 
bility is employed^ and to a modified form of engine in 
whichy instead of a gaseous combustible mixture^ air ie 
employed^ either with a slight admixture of combustible 
gas or water vapour or without such admixture. 

For the purpose of ensuring ignition of the gaseous 
mixture entering the cylinder^ a portion of the entering 
charge is caused to become enriched by the addition tc 
it of combustible gas or vapour unmixed or partially 
unmixed with iair^ so that this portion of the charge h 
readily ignited, and communicates ignition to the resi 
of the charge which is less rich in combustible matter. 
According to one method is provided a cock or revolving 
slide moving in time with the engine shaft ; a cavity ii 
this cock or slide at one part of its revolution receives 
a supply of combustible hydrocarbon liquid, preferablj 
of a volatile kind, from a supply vessel connected tc 
the cock or slide by a pipe. At another part of the 
revolution of the cock or slide, that is to say, at the 
time when the charge begins to enter the cylinder, the 
liquid contained in the cavity is presented to a curreni 
of a portion of the gaseous mixture or air on its waj 
to the cylinder and mixes therewith, enriching it ; anc 
this enriched current then passing electrodes furnishing 
a spark, or a platinum wire rendered incandescent by ai 
electrical current, becomes ignited, and ignites the re- 
mainder of the charge, which passes separately into the 
cylinder heated by its passage through the regenerator 

A vessel containing a supply of hydrocarbon oil 
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prtferably of volatile character^ is raised above the 
enginey and from this vessel^ pipes lead to two cocks^ 
«one for each cylinder^ these cocks being caused to revolve 
in- time with the engine shaft by a chain communicat* 
ing motion from a chain wheel on the engine shaft to a 
chain wheel of eqnal size on the spindle of the two 
cocks. The plug of each cock has on its side a small 
hoUoWy which during one part of its revolution presents 
itself under the oil pipe and receives a charge of oil ; 
during another part of its revolution^ which is timed 
to correspond with the flow of gaseous mixture to the 
cylinder, the hollow of the plug presents itself to the 
bend of a pipe leading from the top of the cylinder to 
a port opening in the cylinder below the regenerator, 
in which port are situated two platinum wires. These 
wires are connected with the brushes of a commutator 
on the engine shaft, which commutator is in electrical 
connection with the poles of a battery, dynamo-electric 
machine, or other source of electricity. Instead of 
two wires to produce a spark, a single wire may be 
arranged to be kept incandescent, or to become incan- 
descent at the proper time for ignition. 

According to another method, there is worked from 
the piston of the engine the plunger of a pump, which 
forces combustible gas unmixed with air into a recept* 
acle; a portion of this gas is caused to enter the 
cylinder along with a portion of the mixture of gas and 
air, enriching it, so that it is ignited as above de* 
scribed. The gas pump may have its suction and 
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delivery governed by the same revolving slide as that 
which governs the supply and discharge of the engine, 
and the passage of gas from the receptacle of the pump 
to join the current of gaseous mixture entering the 
cylinder is governed by a valve which is opened by the 
pressure of the entering current acting in opposition 
iio a spring on a piston connected to the stem of the 
gas valve. 

In the modified forms of engine, heat is imparted to 
currents entering the cylinder by a regenerator supple- 
mented by jets of combustible gas or vapour which 
may be previously heated, and which intermingle within 
the cylinder with the current of compressed air heated 
by its passage through the regenerator. Or according 
to another arrangement, the compressed air on issuing 
from the regenerator is further heated by one or more 
jet furnaces of the following kind : — In the upper part 
of the cylinder is a deep cup projecting down into the 
cylinder, in this cup is burnt a gas flame. The pro- 
ducts of combustion ascend an outer pipe heating the 
air supply pipe on their way to a chimney. Surround- 
ing the cup and supported on a grating made in one 
piece with the cup, which is preferably made of copper 
or other well-conducting metal, is arranged an annular 
regenerator, the lower part of which is thus heated by 
conduction. The engine operates as follows : — The 
annular piston in its up-stroke draws in air alone, which 
in its down-stroke it delivers into the receptacle. A 
charge of air from the receptacle is admitted to the top 
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of the cylinder, and, entering it through the regenerator, 
is heated in its passage, and becomes still further 
heated by contact with the heated cup, thus expanding 
in volume and propelling the piston downwards. By the- 
up-stroke of the piston the air which had performed 
work is expelled through the regenerator, giving up in 
its passage a large portion of its heat, which is avail- 
able for heating the succeeding charge of air entering 
the cylinder through the regenerator. The air thus 
discharged operates as a blast in the chimney, thua 
causing a draught, by which the combustion in the cup 
is rendered more active. For engines of small size a 
single cup with its gas and air supply pipes suflSceSy 
but when the cylinder of the engine is of considerable 
size, instead of a single cup with its adjuncts, several 
cups are employed, thus subdividing and enlarging the 
heating surface. 

The arrangements described for heating the cylinder 
charge in and after its passage through the regenerator 
are obviously applicable in engines of other forms. 

The latest engine designed by Sir C. W. Siemens, m 
more notable for its theoretically perfect plan than for 
any practical results that have as yet been attained by 
it. It is very simple and should be productive of 
highly efficient results, but it is observable that the 
highest results have not always followed the best theo- 
retical design, particularly in gas-engines. 

The engine comprises two motor pistons, the cranks 
of which are set at 180°. Distribution is effected by a 
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fiingle hollow slide^ revolving synchronously with the 
motor shaft. 

The cycle of these cylinders is the following: — 
Daring the out-stroke the piston aspires the detonating 
niixture at the same time that it clears out^ by its 
outer, face,, the products of its preceding explosion 
through a regenerator^ and finally into the exhaust. 
During the in-stroke the piston clears out by its 
interior face the mixture drawn at the preceding stroke 
through the slide. Thence the compressed mixture 
passes to the compression reservoirs. At the same 
time the outer face of the piston receives through the 
regenerator the compressed mixture which is ignited, 
and exerts an effect proportional to the difference of the 
two faces of the piston. Each of the pistons gives an 
explosion per revolution. The ignition is effected by 
the action of an electric spark on a very inflammable 
mixture, obtained, as previously described, by the use of 
liquid hydrocarbons. 

Sir C. W. Siemens, in a discussion on a paper read 
by Mr. Dugald Clerk on the " Theory of the Gas- 
Engine," before the Institution of Civil Engineers, has 
said, *' he had from time to time given a great amount 
of consideration to the action of negative combustion 
or dissociation. It was well known that by combustion 
no unlimited degree of temperature could be attained. 
Thus, in a furnace worked at very high temperature the 
fuel was not completely burned when it came in con- 
tact with the oxygen of the heated or non-heated air. 
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The moment a certain comparatively high temperature 
was reached the carbon refased to take up oxygen^ or 
the hydrogen refased to take oxygen^ and what had 
been called by Bonsen and^ shortly after by St. Claire 
Deville^ dissociation arose. The point of dissociation 
was not a fixed one; partial dissociation came into 
play at a comparatively low temperature^ and went on 
increasing at a high temperature in very much the 
same ratio as vapour density increased with tempera- 
ture. Thus, if aqueous vapour were passed through 
a tube at a suJBSicient temperature the whole of 
the vapour would be separated. It might be that 
the determinations of St. Claire Deville were not 
quite correct, but in the meantime they might be 
regarded as being so. He found that at atmospheric 
pressure the point of half dissociation of aqueous 
vapour arose at a temperature of 2,800° Centigrade, 
and that of complete dissociation at a much higher 
temperature. Taking that law as determined by the 
French philosopher, it did seem reasonable to suppose 
that when a mixture of hydrogen and oxygen, with or 
without a mixture of nitrogen, exploded, the point was 
reached beyond which the temperature did not increase, 
and that point was 1,500° Centigrade. If such a 
temperature was reached in the working cylinder com- 
plete combustion would not take place immediately, 
but only partial combustion would occur, which would 
go on as the temperature diminished by absorption into 
the cylinder or by expansion, and that combustion 
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would be completed only in the course of the stroke. 
With reference to the early engine which was con- 
structed in I86O9 it combined other elements, which 
were entirely wanting in the gas engines of the present 
day^ and taking either of the three types, it was, in his 
opinion, in the condition of the steam engine at the 
time of Newcomen. The fuel was burnt in a cylinder 
which it was attempted to keep cold by passing water 
over it, and it was easy to see that the heat so gene- 
rated, was only partly utilised for maintaining the 
state of expansion of the heated gases, the cold sides 
of the cylinder taking a good half of it away at once, 
thus causing a great loss. Then, there was another 
palpable loss in these engines. After expansion had 
taken place, after half the heat had been wasted in 
heating a cylinder which was intended to be kept cool 
in order to allow the piston to move, the gases were 
discharged at a temperature of 1,000°, or in the best 
types about 700°. That amount of heat, representing 
in one case one-half and in the other two-thirds of the 
total generated, was thrown away. This was heat 
which could be saved and made useful. Instead of 
commencing the combustion at a temperature of 60°, if 
the heat of the outgoing gases were transferred to the 
incoming gases, combustion might commence at a tem- 
perature of nearly 1,000°, and the result would be a 
very great economy. In the engine which he con- 
structed in 1860 aU those points were fully taken into 
account. The combustion of the gases took place in a 
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cylinder mthout working a piston, and in a cylinder 
ihai could be maintained hot, and the gases, after 
having complete expansive action, communicated their 
heat by means of a regenerator to the incoming gases 
before explosion took place. Although the engine was 
not worked with ordinary gas used for illumination, 
but by a cheaper kind made in a gas producer, he then 
thought that a gas engine constructed on that principle 
would prove to be the nearest approach to the theo- 
retical limits which could never be exceeded, but which 
might exceed the limits of the steam engine four or five 
fold. The engine promises to give very good results." 

The great advantages afforded by the cycle of this 
class of engines have led many inventors into the field; 
we give here the chief English patents, in the order of 
their date. 

O. W. Weatherhogg, 8972, of 1878. Mills and 

Haley, 6052, of 1879. H. Robinson, 117, of 1880. 

J. KPurseU, 3869, of 1810. C. Beechy, 4270, of 

1880. K. Rider, 4419, of 1880. E. Edwards, 1765, 

of 1881. L.H. Lucas, 3527, of 1881. J. Butcher, 

8786, of 1881 ; 1835, of 1883. W;. Watson, 4608, of 

1881; 6214, of 1882. C. Tonkin, 5201, of 1881. 

H. Williams, 5456, of 1881. C. Emmet, 397, of 1882. 

Haigh and Nuttall, 614, of 1882; 2517, of 1883. 

Wordsworth and Lindley, 703, of 1882. J. Fielding, 

994, of 1882 ; 3070, of 1883. Drake and Muirhead, 

1717, of 1882. Worsam, 2126, of 1882. C. Beissel, 

8435, of 1882. J. Woodhead, 21, of 1883. W. Hale, 

1 
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2192, of 1888. De Kabath, 999, of 1888. D. Nile, 
8185, of 1888. H.Btai, 5118, of 1888. Pickering and 
Hopkins, 5406, of 1888. Griffin, 4080, of 1888. 

Compound Engines. 

The application of the principle of successive expan* 
sions of the active fluid in steam engines presents sa 
many economical advantages as to have led inventors 
to seek similar advantages in the case of the gas engine* 
But the analogy is scarcely practical, because of the 
greater loss by radiation in the case of the gas engine. 

Otto's Compound Oas Engine is compounded by the 
addition of an expansion cylinder to the inventor's 
doable cylinder engine. The patent is No. 245, of 
1879. 

Other engines of this type have also been patented 
by D. Clerk, No. 4948, of 1882 ; P. Niel, No 1026, of 
1882 ; Wordswortli and Lindley, No 8568, of 1883- 
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CHAPTEE IV. 

THEOBY OF THE GAS ENGINE. 

In the previous part of this work we have described 
the different forms of gas engines^ and dealt with them 
from the mechanician's standpoint ; we now come to 
consider the nature of the working fluid, its physical 
and chemical changes and its thermodynamic rela- 
tions. 

The working fluid consists of a mixture of inflam- 
mable gas and air, generally the ordinary illuminating 
gas is employed ; but in works where large quantities 
of gas are required as a motive power, an atmospheric 
or non-illuminating gas, such as that made in a 
Dowson gas producer, is manufactured 'for the 
purpose. 

The composition of ordinary gas varies in different 
places, and with the description of coal used in its 
manufacture. We give the following analyses : — The 
^st of Manchester gas by Bunsen and Boscoe ; the 
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second is the mean of several analyses, by Humpidge, 
of London gas. 



Volumes. 


(I) 


(*) 


Hydrogen (H) 


45-58 


47-83 


Marsh Gas (CH^) 


34*90 


36-94 


Carbonic Oxide (CO) ... 


664 


5-27 


Ethylene (CJE,) 


4-08 


7 '02 


Butylene (C^Hg) 


2-38 


Sulphuretted Hydrogen (SH,)... 


•29 




Nitrogen 


2*46 


5-29 


Carbonic Acid 


3*67 




Oxygen (0) 


— 


•56 



ICO 



104*91 

In the second case the extra volumes are due to all 
the heavier hydrocarbons C^ H^n being reckoned in the 
form of ethylene. 

Glasgow and Edinburgh gases are richer in the 
heavier hydrocarbons, and consequently per cubic foot 
yield more heat on combustion. 

We proceed to calculate the heat evolved from the 
Manchester gas. The calculations are more readily 
effected in the decimal system; we shall afterwards 
give reduction factors, where necessary, to convert the 
results into the irrational system still in use by 
English engineers. 

Taking one hundred litres, as the volume of gas 
employed, we find the weights in grains, to be as 
follows : — 

Vols. Weight of i Litre. Grins, per 100 Litres. 
H 45-58 X '0896 X I = 4-08 
CH^ 34*90 X '0896 X 8 = 25-02 



COMPOSITION OF GASES. 



117 





Vols. 


Weight of I 


Litre. 


Grms. 


per la 


CO 


6-64 


X '0896 


X 


14 = 


8-33 


C^4 


4-08 


X -0896 


X 


14 - 


S'" 


C,H3 


2-38 


X -0896 


X 


28 = 


597 


SH, 


•29 


X "0896 


X 


17 - 


0-44 


N 


2-46 


X '0896 


X 


14 = 


308 


CO, 


3*67 


X "0896 


X 


22 = 


7-24 



The amount of oxygen just theoretically necessary 
for the complete combustion of the one hundred litres 
may be foxmd from the following chemical equations. 



0, + 

2 vols. 

2 0,+ 

4 vols. 
0, + 

2 vols. 



30, 

6 vols. 


+ 


6 0, 

2 vols. 


+ 


30, 

6 vols. 


+ 



2H, 

4 vols. 

CH, 
2 vols. 

2 CO 

4 vols. 

2 vols. 

C4H8 
2 vols. 

2SH, 

4 vols. 



2 OH, 

4 vols. 

2 OH, 

4 vols. 



2 OH, 
4 vols. 

4 OH, 

8 vols. 

2 OH, 

4 vols. 



+ CO, 

2 vols. 

2 CO, 

4 vols. 

+ 2 co; 

4 vols. 

+ 4 CO, 

8 vols. 



+ 2 so; 

4 vols. 



Whence we find that the 

Litres. 
Litres of 0. OH3 CO3 

H will require 2279 producing on combustion 45'58 — 



CH, „ 


69-80 


» 




5> 


79-80 


34-90 


CO „ 


3-32 


if 




99 





6-64 


C,H, „ 


12*24 


9f 




» 


8-i6 


8-16 


Ofl, „ 


14-28 


» 




99 


9-52 


952 


SH, „ 


•44 




previous 






3'67 


100 Tiitres. 


122-87 


143*06 


62-89 



.J ^ «JI 
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The nnmber of nnits of heat reckoned in gramme- 
degrees C, evolved by the complete oxidation of the 
coal gas constituents is as follows : — 

Heat in water-gramme-degrees. 
One gramme of H evolves 34*180 
„ „ CH^ „ 13-100 

» 99 C,H^ „ 11-900 

„ „ C^Hg „ 11-400 

„ „ CO „ 2-400 

Whence we obtain from the 

Gramme degrees. 

H 4-08 X 34-180 = 139*454 

CH^ 25-02 X 13-100 = 327762 

CO 8-33 X 2*400 = 19-992 

C^H^ 5-12 X 11-900 = 60-928 

C^Hg 5-97 X 11-400 = 68-058 



616-194 
The oxygen used is obtained from the air, and is 
hence mixed with inert nitrogen, air consisting in the 
one hundred vols., of twenty-one vols. 0., and 
seventy-nine N ; and to supply the necessary 123 
litres of 0, 585 litres of air containing 462 litres of 
nitrogen must be used. 

Thus before combustion we have ; 

100 litres of gas, and 585 litres of air. 
After combustion : 

Litres. Grammes, 
Water 143-06 115*36 

COa ... ... ... 62-89 123*97 

N ... ... ... 464*46 585-41 

670-41 
And 616-194 gramme degrees of heat. 
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It will be observed that referred to the same pressure 
and temperature, the 685 vols, of gas and air are re- 
duced to 670 by the combustion; the condensation 
is practically negligible, 

A certain amount of the heat is absorbed in main- 
taining the water in the gaseous state, this may be 
estimated at 68,220 gramme-degrees for the 115,036 
grammes, leaving 548,000 gramme-degrees of heat. 

Now the temperature to which the resultant gases 
are raised, depends upon their specific heats, which it 
was formerly, supposed did not vary with the tempera- 
ture ; recently (1881) however. Mallard and Chatelier 
have published results of their experiments proving 
that there is considerable increase in the specific heats 
of gases at high temperatures, though the rate of 
increase diminishes with the temperature. 

The exact formulas they deduce referred to molecular 
volumes are the following : 

Mean Specific Heat at constant vol, = C. 

For CO,— 

C = 6*3 + -00564 1 — *oooooio8f 
For OH,— 

C = 5*91 4- 'oo376t — '000000x55 1* 
For H. N. 0— 

C = s 4- '00062 1 

Whence the mean specific heats for unit weights are 
as follows : 

2000« 

OH, -712 

CO, '301 

N '222 

O '195 



400<> 


I300<» 


I20O« 


•61 


•58 


•57 


•27 


•27 


•26 


•21 


•21 


•20 


•18 


•18 


'18 
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The temperature attained is calculated from- 
. _ heat disengaged 



t = 



2 weight of constituents x specific heat. 

548*000 



115-36 X 712 X 12397 X -301 4- 585-41 X -22^ 

= 2197° cent. 

The pressure of a volume of gas, when the volume i» 
kept constant, is proportional to the absolute tempera- 
ture ; thus the pressure in atmospheres is 

P 2470 _ 2470 . , 

—. . Qj. p --- J ^ _^ -- Q.Q- atmospheres. 

Po 273 ^ 273 ^ ^ ^ 

Supposing that instead of exploding the gas with 
just so much air as contains the theoretical amount of 
0, needful for complete combustion, we used gas and 
air in the proportion of seven to ninety-three, we 
should find, on the same hypotheses of instantaneous 
inflammation, absence of cooling, and constant volume, 
that the temperature attained by the gaseous mixture 
after combustion, would be 1288° C, and the pres- 
sure 5*7 atmospheres. 

We will now consider how far we have to modify 
these figures for practical use, owing to the non- 
realisation of the above hypotheses. 
First as to the rate of inflammation. 



CHAPTEE V. 

BELATIYE SPEED OF OOMBUSTION IN GASEOUS EXPLOSIYB 

MIXTUBES. 

We shall here quote in extenso the researches of 
Berthelot and Vielle as given in the **Coniptes Eendus 
de TAcademie des Sciences," Vol. 98, on the relative 
speed of combustion in gaseous explosive mixtures, as 
affording the most valuable information of a truly 
practical and experimental character. In the course of 
their experiments, these authors have taken care to ob- 
serve, each trial, the time necessary for the pressure 
developed during the explosions at constant volume to 
attain its maximum. This observation is registered in 
curves. The inequality of these times is most impor- 
tant ; in fact, the maximum pressure observed in a 
given volume is always less than the pressure which 
would be developed if the system maintained all the 
heat due to the reaction ; for there is always a loss, 
owing to contact of the envelope and to radiation. 
The difference is inversely proportional to the volume, 
that is, as the mass of gas bears a less ratio to the 
volume of the containing vessel. Further, the slower the 
combustion the more this cause of error tends to in- 
crease. The duration of the combustions is otherwise 
very unequal, and varies with the variable state which 
is produced at the commencement of the phenomena. 
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between the state of detonation (velocity of the wave 
of explosion, 2,810"^ per sec. for H, 1,089°" for CO) 
and the state of ordinary combustion (34°^ for H, 
1™ for CO, according to Bunsen), The comparative 
retardation increases with the duration of the com- 
bustion. 

The experiments were made with three different 
vessels, one of 800*^, another of 1,500®°, and a third 
of four litres capacity. The bomb of four litres was 
oylindrical and axially bored with two holes, one hav- 
ing a tube attached 63°™ long and 5°™ in diameter, 
at end of which the spark which inflamed the mixtures 
was produced, the other carried the registering piston. 
This projected 82°™ in the interior. The length of 
the internal axis of the bomb was 217°™, so that the 
distance of the point of inflammation from the base of 
the piston was 217 + 63 - 32 = 248°™, of which 186°™ 
were in the vessel itself. Such is the maximum dis- 
tance which the flame has to traverse before reaching 
the piston, at least as long as the latter is not dis- 
placed. 

The 1,500°° vessel is spherical, and similarly 
pierced along a horizontal diameter. The length of the 
inflammation tube is 53°™, the diameter of the vessel 
142°™, the projection of the piston 82°™. The dis- 
tance of the initial point of inflammation from the 
end of the piston equals 142 + 63-32 = 163°™, of 
which 110°"°^ are in the vessel itself. 

The 300°° vessel is cylindrical, one of its bases is 
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plane, and supports the r^^stering piston, jntting in 
82™™; the other end is hemispherical, eonvex ^Eteriorly, 
the inflammation tube is affixed at the junction of the 
cylindrical and spherical parts, and is 60"™ long. The 
distance of the initial point of inflammation from the 
base of the piston is 128"™, of which 68"™ are in the 
vessel, this line is oblique to the aris. In eveiy case 
the maximum was attained when the piston had moved 
about 20™™. 

In the experiments with NO2 and GN the authors 
had recourse to central ignition, the flame going out in 
the tube. In this case the distance from the initial 
point of ignition from the piston was reduced to about 
21™™. 

Here are the times elapsed, expressed in thousandths 
of a second, between the moment of ignition and that 
of production of maximum pressure. 



I. !EiFFECT OF Size of Beceiveb. 
(Times elapsed in Thousandths of Second.) 

VeaseL 



Mixture. 




300«« 


i5oo» 


4000^ 


H, + 0, ... 




1*04 


— 


2*14 


H, + 0, + H, 




1-67 


— 


4*22 


H, + 0. + N, 




2-67 


— 


687 


CA + 0, ... 




12-86 


— 


1551 


C,H, + 0^... 




2-86 


— 


2-23 


C,N, + Og ... 




I '55 


4-50 





C,N, + 0, + f 


N... 


3 20 


274 





C,N, + 0, + 2 


N,,.. 


io'3S 


1512 






In general it is evident that the largest requires a 
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time proportioned to its capacity and the length 
between the initial ignition point and base of the 
piston. However, there are some irregularities, due 
to the perturbations produced in the neighbourhood 
of the inflammation point. 

n. Effect of the Composition of the Mixtube. 
(Simple mixtures with total combustion 300^.) 



H, +0, 


1*04 


H. + N.O, 2 06 


C,H. + 0„ 


1-94 


CaO, + 0. 


12*86 


C.O. + N.0. 15-39 


C,H, + 0„ 


2-86 


C,N, + 0, 


iSS 


C,N, + 4N.O. 4-53 




•83 

1-24 



Carbonic oxide is slower than hydrogen, in accord- 
ance with previous knowledge, the ratio of the times 
(12-8) being between the state of detonation, 2-6, and 
that of ordinary combustion, *34. 

For cyanogen and hydrocarbons containing much 
hydrogen the velocity differs little from that of hydro- 
gen, conformably to the velocity ratios deduced from 
the explosion waves (CN 1*3 according to wave, in- 
stead of 1-5 ; fomicue, 1-23 according to the wave, 
instead of 1-2 ; methyle, 1*2 according to wave, in- 
stead of -8, &c.). It is always, then, the velocity of 
translation of the molecules which controls the 
phenomena. 

The employment of protoxide of nitrogen instead 
of slackens the action. 

The absolute velocity is diflScult to estimate. If it 
is admitted, to give an idea of the relative velocity, 
that the flame reaches the piston at the moment of 
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maximum, the velocity will be about 100°^ per second 
for hydrogen ; about 8°^ for CO ; and 70°^ for cyano- 
gen. It falls to half for hydrogen burned into protoxide 
of nitrogen, to a third for cyanogen burned with the 
same gas, &c. 

m. Effect of a mobe ob less Complete Combustion. 

(3oo~) 



C,N, + Oa ... 1-55 
C,N. + 08 + 2N, 15-40 



C^N, + 0^ ... i-o6 

C,N, + 0, + 2 N, 10-35 



It does not appear that the total combustion of cyano- 
gen takes place in two parts, forming at first the total 
amount of CO, which would afterwards bum, for the 
total combustion is much quicker than the sum of the 
two separate effects. However, the incomplete combus- 
tion is the most rapid, perhaps owing to the existence 
of partial dissociation which slackens the total com- 
bustion. 

IV. Influence of an Excess of One of the Components. 

(4000^.) 

H, + 0, 2-14 

Ha + Oa + AHa 2-27 

Ha + 0, + iVHa 2-53 

Ha + Oa + i H, 2-41 

Ha + 0, + i H, 2-82 

Ha + 0, + H, 4-22 H, + 0, + 0, 8-i6 

H, + 0, + 2 H, 595 

Ha + 0, + 3 H, 9-67 H, + 0, + 3 0, 16-04 

The combustion is slower in proportion to the ex- 
cess of gas which does not burn, the retarding influence 
of the total oxygen being about double that of an 
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equal Yolmne of hydrogen, which answers to the 
translation velocity of the molecules of the former gas, 

y. ISTLUBSCB OF THE PRODUCTS OF COMBUSTIOS. 

(300*) 

C,0, + O, 12-86 1 C^, + O^ 106 

CA + 0. + iC.o, 27.18 c,N, + 0, + JCA 364 

CA + O. + CA 3S'8 I C,N, + O, + 2 CA 644 

Slackening more and more marked; threefold for an 
equal volome of carbonic acid in one case, and six 
times for an equal voltime of carbonic oxide in another. 
We can see, too, in the state of ordinary combustion, 
the rate of propagation of combustion is diminished 
by the mixture of gases ahready burned. 

YL Effect of an Excess of an Inert Gas. 



(4 litres.) 
H, + 0, 
H, + 0. + iN, 

+ N. 
+ 2N, 
+ 3N, 

+ 4N, 



2*14 

2-86 

3-55 
687 

11-98 

24"45 
36-35 



CaO, + 0, ... 12-86 

CA + 0, ^iN, 17.78 
CaO, + 0,4- N, 26-49 

C^ + 0, ... 

C,N, + 0; + fN, 

+ 2N, 

+ 3NJ 

+ 4Ni 



(300") 



• . • 



C A + O3 

C A + 08+ K 
CA + Os + 2N 

1-05 

3*2o 
io*35 
2363 
29-78 



I 55 
6-09 

IS"4 
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Nitrogen retards the combtistion of hydrogen and 
that of carbonic oxide, the first in a greater ratio ; this 
shows that the phenomenon is not simply due to a 
lowering of the temperature, which is nearly the same 
in the two cases, but also to the greater inequality be- 
tween the translation velocities of the gaseous mole- 
cules. 

The inert gas at the same time lowers the tempera- 
ture of combustion, which diminishes the translation 
velocity of the molecules, and also reduces the number 
of effectual collisions between molecules susceptible of 
reciprocal actions. Thus a notable excess of nitrogen 
reduces the velocity more than one of the two com- 
ponents with thrice the volume ; in the oxy-hydrogen 
mixture the times for H, 0, and N are proportional to 
10, 16, and 24. The presence of an excess of one of 
the products still more retards the velocity ; thus car- 
bonic acid has more effect than nitrogen in tho 
combustion of carbonic oxide. 

In all these effects also intervene the inequality of 
the specific heats of carbonic acid and the variation in 
dissociation, produced by the presence of the compon- 
ents or products. 

VII. Isomeric Mixtures (300*^.) 
H, -1- N, + 0, ... 267 

H, -f NaOj, ... 2'06 

C,N, + Os ... 1-55 

2 CA + N, + O, 178 C,H, + H, + 0,,... 1-37 

Combustion is slower in the least condensed mixtures. 



CA + N, + 0,... 


265 


CA + NA 


15*4 


C^H« + 0,^ 


•83 
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which are also those which in the same time disengage 
least heat, a doable cause which at the same time 
diminishes the velocity of translation and the proba- 
bility of effectual collisions. 

VnL MiXTUEB OP Two Combustible Gases. 



H, + 0, 1*04 

C.O, -f 0, .:. ... 1*29 

Ha + iCA + 03... 2-57 

H, + fCA + 03i 1-39 



H, + CA + 0, ... 3'88 

H, + 2CA + O6... 4-14 

C,H, -f 0,, 2-86 

C,H, + H, + O,,... 1-37 



The rate of combustion is the mean in no case ; the 
two gases appear to tend to bum separately each with 
its own velocity. It results that the maximum ob- 
served pressure does not correspond with an uniform 
state of combination df the mixture ; consequently it 
is produced with certain irregularities, and is inferior 
to what it should be. Thus carbonic oxide and 
hydrogen, burned separately in oxygen, give the same 
pressure nearly, 10*1 atmospheres for one and 9*9 at- 
mospheres for the other ; for all mixtures one should get 
the mean ; while experiment has led to lower totals, 
say 8*7 at equal volumes. There are the same reasons 
for the case of ethylene mixed with hydrogen compared 
to ethylene ; the velocity of the combustion seems to 
point out that the hydrogen burns first. 

IX. Htdeo- Carbons. (Combustible elements combined). 

(300-.) 

CgH^ + Og ... ... I '24 



C^H^ + Ojo 1-94 

C,H, -f 0„ 2-86 

C,He + 0,, -83 



C.HgO, + 0„ ... 1-42 
CgH^A + 0,, ... 289 
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The velocity of combustion of the highly hydrogen- 
ated gases is very near that of hydrogen, which seems 
to indicate that the hydrogen bums before the carbon, 
even in total combustion. These effects intervene in 
the momentary equilibria resultant from incomplete com- 
bination, such as the division of the between two 
mingled combustibles, carbonic oxide and hydrogen for 
example, or even between the carbon and the associated 
hydrogen in the compound itself, as well as between the 
division of hydrogen between two combustibles, such as 
C and 0. 

This division in the first moments depends on the rela- 
tive velocity of the combinations, and it may be quite 
different from that of definite equilibrium which 
would be established in the same system maintained 
at constant temperature during a suitable time. 

A system suddenly cooled, such as that obtained after 
detonation, does not furnish a real measure of the 
affinities, because it may present a quite other distribu- 
tion of the elements. A circumstance to which 
frequently too little regard has been paid. 

The same eminent authorities have also taught us 
the following extremely valuable facts as to influence 
of density of the gaseous explosive mixture on the 
pressure developed. 

Influence of the Density of Gaseous Explosive 

Mixtures on pressure. 

It results, then, that up to nearly the highest 
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known temperatures (8000»:4000° air thermo- 
meter) : 

1. The same quantity of heat being furnished to a 
gaseous system, the pressure of the system varies 
proportionally to the density of the system. 

2. The specific heat of the gases is sensibly inde- 
pendent of the density, as well at high temperature 
as near 0^ 

All this is true for densities near that which the 
gases possess at O"* under normal pressure, 
which have varied in experiments from 1 to 2. 

8. The pressure increases with the amount of heat 
furnished to the same system. 

4. The apparent specific heat increases equaUy with 
this quantity of heat. 

These conclusions, we repeat, are independent of all 
hypotheses on the laws of gases and of their physical 
or chemical constitution. They are the immediate 
translation of experiment. 



CHAPTEE VI. 

WITZ' THEORETICAL CYCLES OF GAS ENGINES. 

The cycle really gone through by gas engines is suhstan- 
tially that we have defined in the first part of this work, 
but it undergoes deformations, of which we must now 
take account, since from them there results a diminu- 
tion of its efficiency ; these deformations constitute, in 
fact, imperfections in the real cycles. In this considera- 
tion we shall follow the theory laid down by M. Witz, 
and we shall do so as closely as possible, for the 
authority's sake. 

The following hypotheses are made : — 

1st. The detonation is instantaneous and the heat- 
ing of the products of combustion is effected at constant 
volume. 

2nd. The expansion takes place according to an adia- 
batic, with neither loss nor gain of heat : it is complete. 

8rd. There is no back pressure on the piston during 
the in-stroke, the diagram is then closed by a line 
parallel to the axis of volumes, under a constant 
pressure equal to that of the atmosphere. 

4th. The combustion of the products is complete. 

Further, these conditions are not practically entirely 
realised, as may be seen by superposing the theoretical 
and real cycles. 

The Lenoir engine is taken as the type of the engines 
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without compression; the Otto and Simon engines 
correspond to the two sorts of motors with compression ; 
lastly the atmospheric engines are represented by the 
Langen and Otto engine. 

The deformations of the real diagrams are recognis- 
able at a glance. Instead of a line parallel to the 
axis of pressure, we see a curve, more or less inclined, 
witnessing a gradual explosion ; the heating thus does 
not take place at constant volume, and the temperature 
as well as the pressure on explosion is on this account 
greatly reduced. In a Hugon engine the maximum 
pressure developed in the cylinder is but 3*78 atmospheres 
according to M. Tresca; in the Lenoir engine this 
pressure does not reach 5 atmospheres, the deficiency 
is consequently at the least 80 per cent. In taking 
account, in the Otto engines, of the dilution of the 
mixed gases and of the volume of the injurious space 
(taken up by inert gases), we prove a nearly equal 
difference between the observed and calculated pressures ; 
thus, a motor of four horse-power, fed with a mixture of 
one volume of gas to 7*57 volumes of air, has given, 
in full charges, diagrams whose maximum pressure 
is only 9' 6 atmospheres, instead of 12 atmo- 
spheres. 

The non-instantaneousness of the explosion is other- 
wise clearly shown by the study of the successive tem- 
peratures of the combustion products. From the 
knowledge of the volumes and pressures of these gases, 
we can easily deduce their temperature at no matter 
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what point of the path. Besides^ the maximum tempera- 
ture is only reached after the point where the pressure 
has been a maximum. The explosive combustion is 
then far from being instantaneous, as supposed. 

Furthermore, this fact was established some time ago 
and, as we have seen (p. 149), M. Vieille has been able to 
estimate the interval of that time which elapses between 
the commencement of inflammation and the production 
of maximum pressure : this interval is '0267 sees, for a 
mixture of CO and 0,and'0016 for oxygen and hydrogen. 
It is much greater, as we shall see later on, for gaseous 
mixtures in practical use. 

For the present, it is sufficient to state the fact and 
to call attention to its twofold consequences ; on the 
one hand we see that the area of the diagram is less- 
ened on this account ; on the other the diminution of 
T, which results, lowers the value of the economical 
coefficients. In addition, T is less as the rate of com- 
bustion is slower ; for the work transmitted to the piston 
absorbs so much the more heat, which evidently comes 
in as a reduction of the sum total of the heat pro- 
duced by the combustion. 

In the second place is supposed an adiabatic expansion, 
again a gratuitous hypothesis. The real diagrams 
allow us to estimate the influence of this deformation 
on the efficiency. In Fig. 55, the dotted line cor- 
responds to the expansion without loss of heat ; the 
fuU line of the diagram, taken from a Lenoir engine is 
markedly below it, and the loss of work strikes the eye. 



^«^ 
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The same observation can be made on the diagrams of the 
engines of Clerk, Simon, Langen and Otto, &c. On the 
diagram of the Otto Engine, we see it true as an inverse 
phenomenon. Instead of seeing the adiabatic curve 
above the real line, we find that the diagram remains 
above the adiabatic, as if the expansion took place 
not with loss of heat, but with gain. What is the 
cause of this effect, so paradoxical in appearance ? 
Whence comes the heat which compensates both for 
losses and for the amount expended in work ? 

This question, to which most various answers have 
been given, has raised great debate in the scientific 
world, and the Institute of Civil Engineers, in London^ 
has devoted several evenings to its discussion. In 
fact, if aU agree upon the secondary cause of the 
phenomenon, opinions vary on the primary cause. The 
secondary cause is retarded combustion, explosion with 
after combustion (mit Nachbrennen) ; but why is the 
combustion retarded ? By dissociation, say some ; an 
effect of dilution, say, more simply, others. We 
shall soon see what irrefragable arguments are in 
favour of a third solution : for the present let u& 
recognise that the peculiar phenomenon presented by 
the Otto diagram should still be considered as a defor- 
mation of the theoretical cycle, seeing that this slowness 
of combustion entails a considerable lowering of T. 
The incontestable advantages which result from it 
will be estimated in the sequel ; the imperfection of 
the cycle cannot however be denied. 
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The loss of power which accompanies an incomplete 
expansion needs neither explanation nor proof. 

The absence of back pressure arises from the way 
itself in which the cycle is closed ; we supposed that 
the gases were restored to their initial state^ by a 
cooling under constant pressure, before being dis- 
charged into the air. Thus in Fig. 56, the combustion 
products were cooled from t' to t along the path D B 
and thrust out of the cylinder along B A ; similarly for 
the other types. But as a matter of fact the cooling 
is never complete, and the gases escape from the 
cylinder at temperatures far exceeding the initial 
temperature of the explosive mixture. M. Tresca 
indicates temperatures from 280 and 186° C, for the 
Lenoir and Hugon motors ; M. Schottler affirms that 
he has proved in the Otto engine more than 400° C. 
Instead of being carried to a refrigerator, the heat is 
dispersed in the atmosphere ; it might be thought that 
this comes to the same thing, but this would be to 
strangely mistake, for it is precisely from this de-; 
formation of the cycle that back pressure results ; its 
mean value is '12 atmosphere in a well regulated 
Otto. 

There still remains a last imperfection of the cycle, 
for the study of which the diagrams are of no use, 
that of incomplete combustion. It was pointed out 
for the first time by Mr. Bousfield, 4 April, 1882, at 
the Institution of Civil Engineers, London. This 
engineer declared that the gases discharged from an 
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Otto engine remained at times explosible and that 
they could give rise to a weak explosion on passing a 
burner. 

The following are the results which M. Witz has 
obtained in exploding in a mercury eudiometer different 
mixtures of air and illuminating gas : — 

Mixture. Incomplete combustion per cent. 
I gas + 5*30 air ... o'o 

)j 7 35 » ••• *•• ••• ••• 2.0 

yf ^ 4 99 *** *** *** *** 7 

I) ^x 00 ■■ ... ... ... ... xz o 

These experiments made with the gas of the 
" Compagnie Continentale " do not confirm absolutely 
the observation of Mr. Bousfield ; but they prove that 
account must be taken of the incomplete combustion of 
the combustible gas in engines. 

To sum up, the real cycles are imperfect and the 
attained efficiency must necessarily be less than the 
theoretical efficiency. 

Hence it comes about that gas engines, which are 
theoretically at the head of thermal engines, have to 
abdicate their high status which had been assigned 
them, and lose their superiority. 

The study of this deficiency presents from all points 
of view the most lively interest. Besides, the sole 
means of explaining what really takes place in the 
cylinder of a gas engine is to reproduce by laboratory 
experiments the most important phenomena, and above 
all those most discussed, and to study them in all 
particulars. This is what M. Witz has done. 
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Consideration of an Explosion followed 

by Expansion. 

The point was to reproduce artificially, so to say, 
the phenomena which occur behind the motor piston, 
while varying them at the will of the experimenter. 

For this purpose a cylinder of cast iron was used 
by M. Witz, which is arranged vertically and has an 
internal diameter of 200-1°^, and is 400°°* high. A 
piston with bronze packing moves in this cylinder 
from below upwards, under the action of the explosive 
mixtures. Its path is 823™ ; while it is 77™ thick ; 
and its weight is 14*5 kilograms. The resistance to 
motion produced by the friction of the bronze rings is 
equivalent to a force of 17 kilograms about. The 
force required therefore to lift the piston is 31 '5 
kilograms. The upward movement of the piston can 
be accelerated or retarded at will, by means of a 
counter weight and a brake. In the first case a cord 
attached to the end of the piston rod, and wrapped 
round a pulley, transmits to the piston the force of a 
mass of 75 kilograms falling down a groove ; in the 
second case a pressure ring acts as a brake on the rod, 
and even allows aU motion to be checked, if it becomes 
necessary to do so. 

By this twofold arrangement, the velocity of the 
piston and consequently the rate of expansion, is under 
the control of the experimenter, and he can increase 
it from '25°* to 10°* per second. 
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The explosive mixture is introduced under the piston 
through a stop cock, of simple action; reference 
notches on the rod of the piston indicate the volume of 
gas enclosed in the cylinder, and allow of its estima- 
tion with sufficient accuracy. The mixture is ignited by 
a spark from a strong induction coil, flashing at the 
bottom of a small cavity prepared in the cylinder wall. 

The explosion occurs and projects the piston up- 
wards ; air holes, disposed in the cover, give exit to 
the compressed air; by closing them, a dashpot is 
made, which may be utilised to deaden the shock of 
the piston, and to weaken the concussion which always 
accompanies it. 

The piston comes to rest when the resisting pressure 
of the air, its own weight and friction have absorbed 
its vis viva ; it redescends slowly in proportion to the 
cooling and condensation of the combustion products. 

The pressures developed under the piston are 
measured by a Eichard's indicator, mounted on the 
cylinder and regulated by a cord attached to the piston 
rod, the diagrams thus drawn have their ordinate^ 
proportional to the pressures and their abscisssB pro- 
portional to the volumes occupied by the gas. A 
horizontal tuning fork inscribes its vibrations on a 
line parallel to the abscissas, and marks the times with 
extreme accuracy ; the fork employed made one 
hundred and twenty-eight simple vibrations per 
second, so that it was easy to observe less than 
2^th of a second. 
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By examining the indicator-diagrams and estimating 
their area, it became possible to become acquainted 
with all the characteristic circumstances of an ex- 
plosion and to calculate the work done, for a known 
volume of gas used, under given conditions. The 
explosive mixture, made in a water trough, was of a 
definite composition. By means of a caoutchouc bladder 
a variable volume was introduced into the cylinder, 
raising the piston to the prearranged mark. The 
spark flashed, the indicator traced its curve while the 
tuning fork marked a sinusoid more or less extended ; 
one read at the same time on the same paper, the 
volumes and pressures of the gasses, the velocity of 
the piston's rise, the whole duration of the expansion,. 
&c. A water or steam casing round the cylinder kept 
the walls of the enclosure at any desired temperature, 
whose thermal effect on the enclosed gases was 
perfectly known from preceding studies. All the con- 
ditions of the experiment were thus well determined. 

The various springs of the indicator employed in 
these trials moved 1"*°^ for pressures of thirty-five 
grammes, seventy grammes, and one hundred and 
thirty-nine grammes, per square centimetre. The 
path of the registering cylinder was reduced in the 
ratio of 1 to 2-543. 

These data are important for the calculation of the 
indicated work '2I/- S being the surface of the piston 
of the experimental cylinder, in square centimetres, 
<r the area of the diagram in square mm., ^ the 
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pressure in kilogrammes per square centimetre, which 
causes the spring to yield one mm., and lastly r being 
the real path of the piston for each millimetre of 
the abscissa of the diagram (this path being ex- 
pressed in metres) we shall have in kilogrammetres 

JJ = S <^ <r r. 

On making the calculations 

ST = <r X '112 = 6*056 = <r X '028. 

for the three springs used. 

The area o- of the diagrams can be calculated by 
Simpson's formula, or better by Amsler's planimeter. 
Such is the method to which M. Witz had recourse to 
study the explosion phenomena which occur in the 
cylinders of gas engines. 

Masterly researches have been already made with 
the greatest success on the combustion of explosive 
mixtures. Bunsen, Berthelot, Mallard, Le Ghatelier 
and Vieille appear to have completely elucidated this 
important subject. However, none of these skilful and 
untiring physicists have operated under conditions such 
as are met with in practice, that is to say, in an en- 
closure closed with a moveable piston of large surface ; 
their experiments have been conducted in closed vessels 
without expansion. In Witz' cylinder the expansion 
plays a very considerable part, and the observed 
phenomena present themselves in a new light. 

The employment of great expansions presents in 
particular the double and precious advantage of 
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limiting the temperatures and reducing the pressures- 
developed in the explosion. 

In limiting the temperatures, dissociation eJBfects are 
averted, which certainly do not occur below 1500° C. 
By reducing and graduating the pressures, the oscil- 
lating motions are avoided, which have generally 
been only successfully suppressed by narrowing the 
passages, which is prejudicial to the rapidity and 
exactitude of the indication. The degree of ex- 
pansion being known, it is easy to pass from the 
temperatures and pressures observed to the tem- 
peratures and pressures which would be developed 
in a vessel of constant volume, by the aid of the 
formulsB 

-=- = const P V*^ = const 

The sole cooling action of the walls is then exerted 
on the gas. 

We can thus give an account of all the circumstances 
which would be presented in a closed vessel by an ex- 
plosion, with great accuracy and independently of dis- 
sociation effects. 

The action of the wall could be studied by this 
process, indirectly it is true, but with interest, because 
the result was unexpected, in this way. It is possible 
to calculate, thanks to the latest works of MM. Mallard 
and Le Chatelier, the temperature produced by the 
combustion of a well-defined explosive mixture, such 
as the mixture of carbonic oxide and air, independently 
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of all effect of dissociation and supposing the com- 
bustion complete. 

We may thus consider that T is known, under the 
reserve just stated. But in expansion, the successive 
Imowledge of the pressures and volumes leads to an 
approximate knowledge of the maximum temperature 
T', which would be realised at constant volume, the 
sole action of the wall intervening. 

T-T' is, therefore, the loss of temperature due to 
the wall alone. The time during which the action 
is exercised is one of the data of the experiment. 
Dividing this time into n equal parts, during which the 
mean excess of the temperature of the gas over that 
of the enclosure is £, and taking account of the suc- 
cessive values of — , it is permissible to apply the 

formula of cooling which is given for this cylinder ; it 
is V = '058924 t^*^^^ for an excess e not exceeding 
40° in a cylinder 200mm. in diameter and 400mm. 

high, for which the ratio — of the surface to the 

volume is equal to 25. 

For another cylinder it became 



O = -|r -02357 € 



Z'8Z6 



But for an excess e, between 0° and 5°, the exponent 
would be equal to 1'203. 

Mallard and Le Chatelier have observed that beyond 
600° up to 2,400° of excess, the exponent may be taken 
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equal to 2 in a cylinder with wet walls. It was of the 
greatest interest to ascertain according to what law the 
exponent varied in a cylinder of cast iron, similar to 
that of an engine. Several trials sufficed to arrive at 
this result. We shall give, in the following paragraph, 
the exact formula led to. 

This indirect method may only furnish approximate 
results, but these results will have some value until 
some more direct and surer method has been devised. 

Results of the Experiments. 
Taking into account the volume and the surface of 
the tube of the stop-cock, between the cylinder and 
the plug-hole, the volumes and surfaces corresponding 
to the first four reference notches were as follows : 

s 

V 

•8s 

•S3 
•42 

•3S 

A first series of trials showed that the phenomena de- 
pend in no way on the igniting spark ; in fact, whether 
one or six Bunsen cells were used, or whether the in- 
duction coil was large or small, even whether to it were 
added a cascade of three bottles, the results of the 
detonation remained identical. 

From the commencement of these researches, it was 
recognised that illuminating gas would present fh 
most serious difficulties in experimenting, on accoiu 







Vol. 


Surface. 


ist notch 


1 • • 


... 1066 


906 


2nd „ 


t • . 


... 2081 


1 109 


3rd „ 


1 • • 


... 3096 


1312 


4th „ 

• Ml 


) • • 
• -1 


... 4111 

t. 1 It M 


ISM 
J.1 . 1 
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of the great alterations in composition which it under- 
goes from one day to another in the same town. Cer- 
tain experiments, made in the month of February, 
cannot be connected with those of the month of June, 
although they were made under identical conditions. 
Such a mixture as in winter shows incomplete com- 
bustion for an admission up to the third notch, bums 
completely in the spring. 

These variations in the calorific power of illuminating 
gas necessitated special researches on an explosive 
mixture of constant composition. Becourse was had 
to a mixture of carbonic oxide and air. The carbonic 
oxide was made by the reaction of sulphuric acid on 
yellow prussiate of potash; a wash bottle retained 
the hydrocyanic acid which accompanies the gas in 
considerable proportions. The mixture was made over 
the water-trough ; the gases were thus saturated with 
water vapour. It was considered possible to neglect 
this element in the calculation of the calorific power 
of the different mixtures used; the figures for the 
efficiency will thus be a little too small on this account. 

The theoretical mixture of carbonic oxide and air is 
2*404 vol. air to 1 vol. of combustible gas ; by taking 
2*675 vol. air to ensure complete combustion, we make 
a mixture which disengages, "83 calories from each 
litre at zero. 

At 1 5° the heat disengaged from each litre would be 
equal to -78 cal. ; at 64°, -66 cal. 

With pure oxygen, with A air added, we should get 
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1*93 cal. per litre explosive mixture at 0°, and 1*82 cal. 
at 16^ 

The proportion of the combustible being augmented, 
the heat varies, as one may see below : 

Per litre. 
Cal. 

I CO + I '625 air 78 

I CO + 2*150 „ '86 

I CO -f 2*675 »> '^3 

I CO + 3*2oo „ '75 

It is to be allowed that the gas of the '' Compagnie 
Continent ale " used, has a calorific power of 5,520 cal. 
per cubic metre of the combustible gas ; this figure, 
based solely on the theoretical calculations before given, 
has appeared to fairly answer to the reality of the facts. 

A simple verification is, in that, according to calcu- 
lation, the contraction of the combustion products, 
after the condensation of the water vapour, ought to 
be equal to 15 per cent., for a mixture of 1 volume of 
gas with 9'40 air, and to 12 per cent, for a mixture of 
1 volume of gas with 11*50 air ; now, the water vapour 
being condensed, there were observed these same con- 
tractions in the mercury eudiometer. 

From this coincidence would result a composition of 
hydrogen and hydrocarbons near the composition of 
the gas taken as a type. We must content ourselves 
with such a control, for it is impossible, at present, to 
be absolutely certain, and we must accept them as 
nearly accurate. 

In other respects we have a suflScient foundation for 

L 
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the comparative experiments^ the results of which we 
proceed to give. 

The first object was to observe the result produced 
on an explosion by the velocity of the expansion. This 

dl 
velocity may be represented by-rr, the ratio of displace- 
ment of the piston to the time. The following tables 
plainly show the influence of the expansion velocity. 



MnTUM OF I Vol. CO with 2*675 Vols. Aib at 15° C. 

VoL of Mixture, 2*081 litres. 



Time of 


Path of 


Velocity. 


Theoretical 


Work calc. 


Useful effect 


Explosion. 


Piston. 


dl 


Work. 


from diag. 


per cent. 


t 


1 


dt 


T 


T' 


V 


Sees. 


mm. 


m. 


kilgm. 


kilgmt. 




o'ly 


254 


1-5 


688 


22'0 


3-2 


•12 


258 


215 




290 


4*2 


•II 


» 


2-35 




34*o 


4*9 


•08 


J9 


3'25 




42*0 


6-1 


•OS 


99 


5-20 




53'o 


71 


•04s 


» 


5-60 




600 


87 



MiXTUEE OP I Vol. iLLunmATiNa Gas with 9*4 Vols. Air. 

Vol. of Mixture, 2*081 litres. 



t 


1 


dl 
dt 


T 


T' 


V 


•48 


122 


•25 


467 


5*3 


I'l 


•47 


127 


•27 




53 


II 


•40 


» 


•32 




7-0 


I '4 


•39 


132 


•34 




6-6 


1-4 


•31 


140 


•45 




7-8 


1-6 


•23 


147 


•64 




lo-S 


2*2 
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Mecturb of I Vol. Illuminating Gas with 9*4 Vols. Aib. 

VoL of Mixture, 3*096 litres. 



t 


1 


dl 

dt 


T 


r 


1 


•S3 


188 


•36 


680 


9-8 


1-4 


•42 


203 


•49 




10*5 


i'5 


•40 


99 


•50 




11-8 


^•7 


•35 


211 


•60 




12-3 


1-8 


•25 


229 


•92 




14*6 


2-1 


•16 


f> 


1-42 




174 


2-6 



Mktubb of I Vol. Illuminating Gas with 6*33 Aib. 

YoL nsed, 1*066 litres. 



t 


1 


dl 

dt 


T 


r 


V 


•07 


i8S 


2-6 


340 


17*6 


S-2 



Mixture of i Vol. Illuminating Gas with 6*33 Am. 

Vol. nsed, 2*081 litres. 



t 


1 


dl 
dt 


T 


T 


V 


•IS 


259 


17 


663 


17*6 


2-6 


•09 


99 


29 


» 


40*1 


60 


•06 


»^ 


4*3 


» 


So'S 


7 '5 


•06 


280 


4-8 


» 


57'o 


8-6 



Commenced Feb. 24th, 1883, these experiments were 
continued till towards the end of July of the same year, 
and the trials placed in the same table have been taken 
from different days. The variations, sometimes con- 
siderable, of the gas furnished by the company should 
therefore introduce some discordance in the results, 
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Nevertheless we can clearly see that the osefol effect 
increases with the velocity of the expansion. 

This result is still apparent with explosive mixtures 
of quite different richness, as the following table 
shows. 

MiXTUiiBs ov DirrsRsiiT Psopobtiohs of CO. ahd Aib. 

YoL nsed, 2*081 litres. 



Oomposition. 
00. Air. 


t 


1 


dt 
dl 


T 


T 


1 


l+3"2 


f -17 
I '13 


221 
236 


1*3 
1-6 


646 

99 


194 
26-5 


30) 
4*1) 


i + 2"675 


( "12 
I "II 


99 


2-15 
235 


735 

99 


29*0 
341 


4-0) 
4-6 [ 


1+2-215 


( -08 
t "07 


n 
99 


31 
37 


99 


417 

502 


5-51 
6-61 


l + i'625 


•04 


99 


6-4 


688 


576 


8-3 



Several trials have been made with a mixture of one 
vol. of CO. with '5 vol. air and '075 vol. air in excess, 
but under these conditionSy the charge so to say be- 
comes shattering, and the results are less satisfactory 
by reason of the extreme velocity of the expansion, 
which exceeds 9'80 metres per second ; the jerks of the 
indicator spring distort the curve and the estimation 
of the area of the diagram becomes very problematical. 

The preceding tables nevertheless amply demonstrate 
that the useful effect increases with the velocity. This 
first point is obtained for us up to a velocity of six 
metres jyer second, which exceeds by much that of gas 
engine pistons. 

The reader will see, Figs. 57 to 59 some curves 
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traced by the indicator during the explosion of one vol. 
of gas with 6* 8 8 air, each figure of the tables above 
given corresponds to one or more analogous diagrams. 

Fig. 60 is a curious example of the effect of the 
velocity of the expansion. It is an experimental 
vagary. 

This curve was got by closing the vent-holes in the 
cylinder cover. The compressed air above the piston 
then acted as a dashpot and retarded the expansion 
movement ; thus the curve rises, and only falls from 
the cooling action of the walls, this piston being, so to 
say, immovable. This diagram, of such fantastic shape, 
will be useful to us in the study of slow-combustion. 

The explosion diagrams do not only give the useful 
effect, but enable us to calculate the successive values 
of temperature and pressure, which would be observed 
in a closed vessel, without expansion, under the sole 
action of the wall. Let us apply it to some diagrams. 

The diagram which has served as the foundation for 
these calculations is represented. Fig. 61. The mean 

velocity -— is equal to 2*02 metres per second. The 
at 

initial temperature was 288° C. absolute measure, the 

detonation carries it suddenly to 474°, and the pressure 

rises from 1*038 kilogram to 1*7 kilogram, then the 

expansion commences. The absolute temperatures of 

the gas at each point of the curve are found from the 

P V 
formula -— = constant. The pressures which the gas 
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would have if the gas remained constant in vol. are 

given by the eqnation P V constant, in which v = 1-8. 

Lastly the absolute temperature attained in the same 

P T 
conditions are calcnlated from the formula -r- = .=- 

Pi Ti- 
Here is an example of this calculation for the time 
*016 seconds. 

17 X 2'o8i __ 1*6 X 3'2io 

474 X 

X = 687" 

1*6 X 3*2io''3 = X X 2*o8i''3 

X = 2*81 kilog. 

2'8l _ X 

17" " 474 

X = 784-. 

This mixture has therefore taken '112 seconds to 
attain a pressure of 7*88 kilograms, and an absolute 
temperature of 2,197° centigrade. At this moment 
combustion is completed, since the pressure and tem- 
perature fall immediately under the action of the wall. 
Pig. 61 exhibits to the eye all the phases of the phe- 
nomenon, the full curve is the real diagram, the dotted 
curve represents, on the other hand, the results of the 
calculation on a diminished scale, so as to avoid a too 
large figure. This cooling action of the wall is deter- 
mined by the same fact, for we know how inferior the 
temperature attained is to the theoretical ; instead 
2,755, we find 2,197°. The total loss is thus 558°. 
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It is now the question to calculate elemental loss for 
each interval of time equal to "016 second and to inte- 
grate the sum. Let us enquire what is, during each of 
these intervals, the mean excess of the gas temperature 

a 

over that of the wall ; then the mean values of — be- 
ing written opposite these excesses, let us apply the 
formula for the rate of cooling for the time '016 second. 
We have no other unknown in this formula than the 
exponent of the excess, this is a function of the excess 
itself, which we should determine by trial. In the 

present case the equation V = y x -02357 ei-203 + -00048 

corresponds with the facts. We have only to multiply 
V by '016 to ascertain the loss in the interval. 

Times ... o '016 '032 '048 '064 '080 '096 '112 
Excess ...186 399 653 873 940 1020 1062 1089 



i^^M ■ .* ^ . t^^m 



Mean excess 292 526 763 906 980 1041 1075 
-y-mean ... 47 3*8 3*2 2*95 2*86 275 27 
Loss ... 4 12 37 79 106 143 167 

The sum of the losses is then equal to 547° instead 
of 558% this difference is negligible ; the exponent would 
then equal 1'203 + •00048c, for a mixture of air, 
nitrogen and carbonic acid; and will only reach 2 
at about an excess of IBeO**. Millard and Le Chatelier 
were led to adopt the exponent 2 between the excess 
of 600** and 2,700° ; we may remark that the mean of 
these two excesses is precisely 1,650°. 
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It is not necessary to apply this method to the products 
of combustion of illuminating gas, because the uncer- 
tainty there is on the theoretical value of T is too great. 

Nevertheless, the result of this calculation, could 
not vary much from that jus made, seeing that the 
presence of water vapour modifies in no considerable 
degree, the cooling power of a gas, as M. Witz has 
shown in 1881 ; and who has proposed for gas engines 
the formula 

__ = V = — - X '02357E .'^'203 + 'ooosg 

The following tables enable us to follow the pro- 
gress of the combustion and all the pha^e of an explo- 
sion of a mixture of illuminating gas and air. 

Mixture of i vol. Gas with 6*33 vols. Aib. 







dl _ 
















dt 


: 4^-30 


• 








Time 


0- 


•023 


•039 


•044 


•045 


•046 


•054 


Expansion 


I' 


2-44 


ys^ 


4'25 


4'33 


4*39 


4-88 


Press, observed... 


2*1 


1-6 


1*22 


I-I2 


IIO 


I '05 


•25 


„ calculated... 


2'I 


5-1 


7*05 


7*35 


7'39 


7-18 


1*96 



The maximum pressure at constant volume was at- 
tained at the end of '045 seconds; this calculation was 
made on the diagram in Fig. 57. The next refers to 

diagram of Fig. 58. 

Same Mixture. 

dl 

dt ' 

Time ... o* '023 '047 -063 '094 '109 -125 '141 '148 
Expansion i* 1*57 2*30 2*64 3*23 3*55 3*82 4*01 4*09 
Press, obs. 1*45 1*40 1*28 1-25 i'i8 1*15 1*12 I'lo '90 
„ cal. 1*45 2*52 3-80 4*40 5*40 6'oo 6*40 670 5*60 
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The maximmn pressure would be produced at con- 
stant volume at the end of '141 seconds. 

Now let us consider a less rich mixture at different 
expansion rates : 

I VOL. Gas, 9*4 vols. Aib. . 

dl 

^= '25 metre. 

Time ... o* -078 -156 '224 '312 '390 '468 '484 

Expansion i* 1*42 177 2*09 2*38 2.64 2*85 2*89 

Press, obs. 1*165 1*165 1*165 1*165 1*^65 1*165 i*i6o I'loo 

„ cal. 1*165 1*^3 2*44 3-03 3*60 4*10 4*53 4'02 





Same Mixtube. 






1 = -*'■ 




Time o* 


•078 '125 '164 '195 


•219 '234 


Expansion ... i* 


1*85 2*28 2*68 3*05 


321 3*29 


Press, observed... 1*25 


1*25 1*25 1*25 I*20 


1*15 I'll 


„ calculated... 1*25 


278 3*65 4.50 5*" 


S'24 5*17 


Collecting all these results : — 






Max. Press. Duration of 


dl 


Composition. 


kilog. Combustion. 


dt 


I CO + 2*675 *ir 


... 7*88 -112 


2*02 


I* gas + 6*33 air 


... 7*39 '045 


4*30 


j> j> 


... 6*70 '141 


1*70 


I gas -r 9*4 air 


... 5-24 -219 


•64 


99 )9 


... 4'S3 '468 


•25 



There results, from these few figures, a most simple 
conclusion ; the combustion is faster, and, conse- 
quently, the explosion pressure is greater as the velocity 
of the expansion increases. 

This is a law of supreme importance in the question 
of gas engines. In fact, this influence of the expansi(Hi 



154 THEORY. 

velocity is subordinated to an action of the wall ; for, if 
not, how does the expansion velocity act on the ex- 
plosion phenomena ? This can only be by the cooling 
action of the metal surfaces which, being exerted during 
a more or less considerable time, abstracts the heat 
from the very source of the fire and diminishes the 
intensity of the re-action. 

Now it is not only the rapidity of combustion which 
is subjected to this influence, but the area of the 
diagram is itself reduced, the work diminishes and the 
efficiency falls, as above proved. To make use of the 
greatest possible proportion of the heat of explosive 
mixtures, it is necessary to make the expansion of the 
products occupy as little time as possible and to reduce, 
as far as possible, the surface of the cylinder wall, that 

8 
is to say, to make — a minimum. 

In this way we discover the phenomenon observed 
hy VieiUe, the maximum explosive pressure depends on 
the ratio of the cooling surface of the vessel to the 
volume of the gas. We recognise also immediately 

the advantage of realising the maximum of —-^ the 

ratio of the quantity of disposable heat to the volume 
occupied by the explosive mixture ; in other words, we 
discover that there is not only a theoretical advantage, 
but also a real practical gain in previously compressing 
the gases before detonation. Lastly, why the astonish- 
ing success of the Langen and Otto motor ? Assuredly 
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the cycle of the atmospheric engines is the most 
perfect, but this answer would not justify sufficiently 
the industrial superiority they at once attained, if we 
did not show that their cycle is less deformed than 
others, in consequence of the extreme rate of expansion 
of the gas. In fact in no other motor has a piston 
velocity equal to that in the atmospheric engines of Otto 
and Langen, Gilles and others, which have given the 
best results, been realised. 

The action of the cylinder wall is thus the chief regu- 
lator of explosive phenomena. 

It avails to quicken or retard combustion, to produce 
a slow and gradual combustion ; there is no need to 
have recourse to theories of dissociation to explain this 
prolonged re-action of the combining gases. In fact, 
we reproduce this phenomenon under conditions such 
that dissociation is impossible, since the temperature 
in the cylinder never exceeds 1,400**. Dilution renders 
this effect more evident, it is plain ; because this volume 
of inert gas, in which the active explosion gas is 
wamped, acts no otherwise than the wall, that is to 
flay> by cooling, but the prolonged combustion may be 
produced independently of dilution. This perfectly 
logical deduction of M. Witz' experiments appears im- 
portant. It validates and confirms at each stage, the 
theory which Mr. Dugald Clerk so brilliantly sustained 
before his colleagues of the Institute of Civil Engineers, 
London. Along with this engineer, we consider that 
the combustion ought not to be designedly slackened 
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nor retarded ; this slackening is an inperfection which 
ought not to be striven for ; Otto has therefore done 
wrong in doing so. 

Unfortunately the retardation (the German " Nach- 
brennen *' expresses the idea best) cannot be completely 
avoided. Why not? Because, says Mr. Dugald 
Clerk, heat is only developed gradually in the explosion 
of a gaseous mixture in proportion to the combination 
of a dissociated fraction ; because, says M. Witz, the 
action of the wall can only be reduced, it cannot be 
totally suppressed. M. Witz is in agreement with Mr. 
Dugald Clerk when he affirms that the success of Otto 
is due to compression alone, and not to the extreme 
dilution of the explosive mixture in the product of the 
combustion of a precedent explosion. Without previous 
compression, he says, a motor cannot produce force 
economically, and under limited dimensions, whatever 
may be the dilution of the mixture, the method of in- 
troducing air to the cylinder, whatever manner of 
stratifying the layers we may employ, without compres- 
sion there is no success possible. The proportions of 
the explosive mixture are the same in our latest 
machines as in that of the Lenoir engine, the duration 
is no less, there is no difference but in compression. 
The combustion or rather the heat of the inflam- 
mation is indeed quicker in the modern engine, 
because the volume of mixture used at each stroke 
is greater, and yet the time taken to completely 
inflame the mixture is no more than in the old 
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type. The question is, in fact, to reduce, as far as pos- 
sible, the surfaces in contact with a given volume of 
gas in the cylinder ; that is the object in view. This 
important influence of the walls has been experimentally 
proved by M, Witz, Two parallel series of experiments 
were executed with an identical explosive gas, taken 
from the same gas holder, at temperatures of IS"", 64", 
and 98^ 

The combustible gas was carbonic oxide and illumin- 
ating gas. 

Figures 62 to 65 are the diagrams obtained with 
carbonic oxide, the mixture containing 2*675 vols, of 
air. 

Diagrams 62 and 64 correspond to the work in the 
hot cylinder; while 63 and 65 were taken from the cold 
cylinder. 

For the first two the vol. of mixture was 1'066, for 
the second two 2*081 litres. 

The course of the two groups of tracings is altogether 
different; when hot, the initial pressure is established 
80 to say instantly; while when cold, the inclination it- 
self of the line A B, Figs. 63 and 65 and the curvature 
of the summit A witness a slow combustion. The curva- 
ture of the expansion line is in other respects charac- 
teristic when hot, it answers to the equation 2)1?'^= const. 
When cold the exponent is *8. The combustion, there- 
fore, is longer when cold than when hot, and in the 
diagram, when cold the diminution of pressure due to 
the progress of the expansion is nearly compensated by 
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the increase which results from the prolonged combus- 
tion when hot ; we see besides that the initial pressure 
is greater than when cold. 

The diagrams taken with a mixture of one volume of 
gas with 9*4 of air are still more characteristic. 

Here is the record of the numbers : — 

Vol. of Mixture. Vol. of Mixture. 

Fig. 66 hot ) Fig. 68 hot | 

Fig. 67 cold J 3 "^9^ Fig. 69 cold I 4 on 

When hot the expansion curves are represented by 
the formula pv '^®= const. At this temperature the dia- 
grams show nothing peculiar, except Fig. 68 that the 
piston arrived at the end of its stroke before combus- 
tion was completed ; the piston ceasing to move, the 
pressure immediately rises. 

But at low temperature this effect is more clearly 
marked. We see, Fig. 67, that the expansion line is 
parallel to the axis of volumes; we even see it, Fig. 69, 
rise as the piston advances, a manifest proof that the 
combustion is only gradually accomplished with a slow- 
ness which is increased by the coolness of the envelope. 

The influence of the cylinder wall on the mode of 
combustion is hence incontrovertible ; the useful affect, 
moreover, increases or diminishes with the same 
action, as the following figures prove : — 

Explosive Mixture of CO and Air. 



Percentage 
Efficiency, benefit. 



Cold 15 1-9 ) Cold 15 3*0 ) 

Warm 64 2*6 i ' | Warm 64 yZ ] 



Cold 15 3*0 



Percentage 
Efficiency, benefit. 
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We shall arrive at the same conclusion by the direct 
study of gas engines. Here, for example, are the 
values to be used as the index of 7 in the equation 
pv** = const, in the expansion curve of an Otto engine. 

WoEKiNG ON Load. 

Temps, of the Envelope. Values of 7. 

/LS ••• ••• ••. ■•• ••• Jl SOO 

49*9 *** *** *** *** "* -'^*4^9 

SwO ••• ••• ••• ••• ••. XSa7 



WoBKmQ Free 

il s .*. ••• ••■ • 

6c* 



1-639 

i*SS7 



We see that we have to lower y as the temperature 
of the envelope with water in circulation rises. 

The piston having kept the same velocity, it is 
evident that the combustion is retarded in contact with 
a cold wall. The useful effect also increases with the 
temperature of the wall. The motor studied consumed 
1,152 litres per horse-power hour at 42°, and only 
1,126 litres at 50°. M. Schottler made the same 
observation at Hanover ; his engine used 50 litres 
more when the temperature of the wall fell from 70° to 
85°. In short, the influence of the wall on the com- 
bustion and on the efficiency is obvious and irrefutable. 
It is the cooling which chiefly deforms the cycle of gas 
engines and lowers theit efficiency. 



CHAPTER Vn. 

SOME FUBTHEB THEOBETIOAL DATA. 

Ws inolude in this chapter some farther theoretical 
data bearing more or less directly on the gas engine 
considered as an explosion engine, and we produce 
these remarks, as condensed from the works of the best 
authorities, in the form of notes, to the end of saying 
space. 

Duration of Explosive Reactions. 
Under this head we shall briefly consider : — 

1. Origin of reactions. 

2. Sensibility of the explosives. 

8. Molecular velocity of the reactions, in homo- 
geneous systems; conditions identical in all 
their parts. 

4. Velocity of propagation of reactions. 

6. Various ways in which an explosive can bum. 

6. Combustion and detonation of explosives. 

7. Experiments with Ng O2. 

8. Thermo-chemical and Thermo-dynamic relations. 

1. Eeaction once set up may propagate itself either 

by- 

1. Simple progressive inflammation. 

2. Almost instantaneous detonation. 
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Preliminary work necessary to elevate the tempera- 
ture of a portion of the explosive to a certain degree. 
Every explosive reaction consists in a preliminary 
heating, which is transmitted layer to layer, succes- 
sively elevating all the explosives to temperature of 
ecomposition. Shock, pressure, friction, mechanical 
actions are only efficacious in determining the pre- 
liminary heating, and occasionaUy in propagating the 
action in virtue of conversion of kinetic energy into 
heat. The decomposition of a given explosive may 
take place at very different temperatures and with 
velocities not less unequal. A substance slowly 
decomposable at a certain temperature can exist at 
much higher temperature, although for a time less 
and less long. 

2. Sensibility to explosion : 

Some substances are sensible to the least elevation 
of temperature, others to sudden pressure, and to a 
shock; another detonates with least friction: for 
instance, oxalate of silver explodes at 180°; sulphide 
of nitrogen about 207°; fulminate of mercury 190°; 
yet the fulminate is far more sensible to shock or 
friction than either the silver oxalate or nitrogen 
sulphide. 
Sensibility of any substance increases with — 

1. Initial temperature, because the heat dis- 
engaged by first portion of reaction is less 
dissipated by radiation^ and rises to the 

M 
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desired temperature degree a larger mass of 

non-decomposed matter. 
2* With initial temperature high, the substance 

is in a state of chemical tension. 
With rfiock or friction the comparative sensibility of 
two substances which decompose at same temperature, 
and, with similar velocities, depend on the cohesion of 
substance, for cohesion determines the quantity of 
matter throughout which the shock or friction effect is 
distributed, and this of course influences the temperature 
to which substance is raised round the point affected 
primarily. Cohesion intervenes with direct inflamma- 
tion, the same quantity of heat proceeding from com- 
bustion of previous portions can elevate to decomposi- 
tion temperature a small quantity of explosive, while 
if it is distributed throughout a large volume, the 
desired effect may not be obtained. The quantity 
heated remaining the same, the substances being 
different, sensibility depends on the initial temperature 
of decomposition. Sensibility depends also on heat 
disengaged by decomposition, and on specific heat of 
the explosive. 

3. (a) A distinction is to be made between the mole- 
cular velocity of the reactions, which is defined by the 
amount of matter transformed at a fixed temperature, 
under constant pressure, in unvarying conditions, and 
the propagation velocity of the reactions. 

It would seem that when a substance is placed in 
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the same conditions of temperature and pressure, and 
vibratory motion, &c., throughout its whole extent, that 
the reaction ought to be developed instantaneously 
through every part at once. The explosions of chloride of 
nitrogen and nitroglycerine appear to support this idea, 
but in reality molecular reactions require a definite 
time for action, even when disengaging heat. The 
duration of the reaction does not change the total 
quantity of heat disengaged by a given weight of 
matter ; but if the products of combustion expand, the 
initial pressure will be less as the duration is greater. 

(j3.) A system, homogeneous, uniform conditions 
throughout, enclosed in athermanous vessel : 

1. The molecular velocity of reactions increases with 

temperature (for ethers, according to an ex- 
ponental function of T). 

2. The T. increases up to a certain limit with the 

reaction. 

3. The molecular velocity increases with the density 

of the matter, or the molecular velocity in- 
creases with the pressure in gaseous systems. 
Still the influence of the pressure is greater at 
the commencement than at the end of the 
action, seeing that the uncombined portion 
diminishes till a time arrives when the tension 
proper to this part, regarded independently of 
the rest, ceases to increase with the heating. 

4. The molecular velocity depends on the relative 

proportions of its components. 



x64 THEORY. 

At constant temperature, the combination is 
generally accelerated by excess of one of the 
components, and retarded by presence of an 
inert substance. 
At variable temperatures ; with regard to the re- 
action, a portion is retarded by excess of 
inert substances* 
These are also generally slower, with excess of one 
of the components, than if equivalent proportions are 
used, the need of heating the excess matter counter- 
balancing the accelerative effect observed at constant 
temperature. 

(y.) The system may give up heat to surrounding ob- 
jects although still homogeneous and similarly situated 
as regards temperature, &c., in all its parts. 

The mass of matter employed which did not previously 
affect the results in principle, here plays a considerable 
part. 

4. Velocity of propagation: 

Homogeneous system subjected to different conditions 
in its different parts. 

To propagate reaction, it is necessary to reproduce, 
in layer after layer, the same or more favourable physical 
conditions, which were called into being at one point. 

Distinction insisted on between simple inflammation 
and true explosion. (See remarks on explosion wave.) 

In 1876, Bunsen determined the combustion velocity 
of Hg and as 34 metres per second, and of CO and 
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as only 1 metre per second at atmospheric pressure. 
Now, the explosion velocities of the same gases H and 
may rise to as much as 8,000°^ per second. 

5. Multiplicity of ways of combustion. 

Dynamite may decompose without flame, or may 
bum quickly or may explode either moderately or with 
extreme violence according to the process used in the 
first ignition. Abel's experiments in 1868 on gun- 
cotton also establish a similar diversity in the combus- 
tion. Gas mixtures are not liable to this kind of 
spontaneous combustion. 

However strange at first sight this diversity may 
appear, thermo-dynamic principles are sufficient to com- 
pletely explain it, by a suitable analysis of the 
phenomena of the shock. 

In fact the variation of explosive action depends on 
the velocity with which the reaction is propagated and 
the more or less intense pressures resulting from it. 

Taking the most simple case, that of an explosion 
consequent on a weight having fallen through a certain 
height. At first we felt obliged to attribute the observed 
results to the heat disengaged by the compression from 
the shock of a weight suddenly stopped. But calculation 
shows that the stoppage of a weight of several kilo- 
grammes falling from '25°^ to"50°^ height could onlyraise 
but a fraction of a degree the mass of the explosive, 
if the resulting heat was distributed uniformly through- 
out it. It could not, therefore, attain thus a high 
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temperatnre^ such as 190'' or 200° for example for 

nitroglycerine; the temperature to which it appears 

• necessary to raise the whole mass^ to entail explosion. 

There must be another method by which the 
kinetic energy of the falling weight, transformed into 
heat, becomes the cause of the observed effects. 

It is only necessary to admit that the pressures 
arising from the shock at the surface of the nitro- 
glycerine are too sudden to be uniformly transmitted 
throughout the mass, and that consequently the con- 
version of kinetic energy into heat take place mostly 
in the layers reached by the shock. If this is violent 
enough, these layers will be thus suddenly raised to 
near 200°, and will immediately decompose, giving rise 
to a large amount of gas. The production of this gas is 
in its turn so sudden that the weight has no time to 
be displaced, and the sudden expansion of the products 
produces a new shock, more violent than the former, 
on the layers situated below. The kinetic energy of 
the new shock is converted into heat in the layers 
which it first reaches, and causes their explosion ; and 
this alternation between a shock developing kinetic 
energy, which is converted into heat, and a production 
of heat, which raises the temperature of the heated 
layers to the degree of a new explosion, capable of re- 
producing a shock — this alternation transmits the re- 
action from layer to layer throughout the entire mass. 
The propagation of the deflagration thus takes place 
in virtue of phenomena comparable to those giving rise 
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a sound wave, that is to say, by producing an 
aestionable explosion wave, which travels with a 
;]k)city incomparably greater than that of simple 
LJBammation, caused by the contact of an ignited body, 
pd taking place under conditions where the gases 
xpand freely, in proportion as they are produced. 

In fact, the reaction set up by a preliminary shock 
^ propagated with a velocity which depends on the 
"^Intensity of that shock. 

''' .ci It results that the explosion of a solid or liquid may 
'"'^ developed according to an infinite number of 
idiflferent laws, each of which is determined, cateris 
** paribus, by the original impulse. 

The more violent the initial shock, the more sudden 
the combustion, and the greater the pressures during 
decomposition. 

6. Burning and Explosion. 

There is no absolute line of demarcation. Pro- 
gressive combustion (properly so called) or progressive 
burning occurs where the cooling due to vessels or to 
inert matter lowers the teinperature as far as is con- 
sistent with the continuation of reaction ; all the heat 
produced is dissipated, except the fraction necessary 
to propagate the reaction in the next uncombined por- 
tions. This was the case in Bunsen's experiments. 

Explosion Wave. 
Berthelot and Vieille's experiments prove the existence 
of a new kind of undulatory motion of a mixed order. 
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produced by the concordance of impulses both physical 
and chemical in the interior of the substance trans- 
formed. An explosion wave is produced, that is, a cer- 
tain regular surface in which transformation occurs, 
and undergoes the same conditions of combination^ 
temperature, pressure, &c. 

This surface once produced travels from layer to 
layer in the entire mass, in consequence of the trans- 
mission of successive shocks of the gaseous molecules, 
brought into a state of most intense vibration from the 
heat disengaged in their combination, and transformed 
in situ or more rigorously with a slight relative dis^ 
placement. 

Characteb of the Explosion Wave. 

1. Its velocity is uniform. 

Experiments with tubes closed or open at one 
or both ends give the same velocity. 

2. Velocity depends on the nature of the explosive 

mixture, and not on the nature of the contain- 
ing tube. 

3. Velocity is independent of diameter of tube ; above 

a certain point no sensible alteration between 
5°^ and IS^""^ diameter. 

4. Velocity independent of the pressure, as is the 

case in the sound wave. 

5. Thermal relation which exists between the velocity 

and the chemical constitution of the gas is more 
diflScult to establish; it depends on temperatures, 
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whose valuation is oncertain, on account of dis- 
sociation and uncertainty of specific heats of 
gases at high temperatures. 
However we can conceive the' theoretical relation 
which determines the velocity of the explosion wave if 
we remark that the total energy of the gas at the 
moment of explosion depends on its initial tempera- 
ture, and the total heat disengaged during com- 
bination. 

These two data determine the absolute temperature 
of the system which is proportional to the vis viva 
(J mv^) of translation of the gaseous molecules. 

In other terms the excess of vis viva communicated to 
the molecules in the act of chemical combination is 
nothing else than the heat itself disengaged in the 
reaction ; the pressure exerted by the molecules on the 
walls of vessels is the immediate representation of it, 
according to existing theories. We then arrive at a 
stage where the two classes of ideas, mechanical ideas 
and thermal ideas, tend to be no longer distinguish- 
able. 

Let us specify this conversion. The velocity of 
translation of the molecules at the moment of combina- 
tion is proportional, in conformity with the relation of 
kinetic energy, to the square root of the ratio of the 
absolute temperature by the density of the gas referred 
to air, thus according to Glausius 

= 29-854 °^* ^— 
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In reality the physical notion of temperature does 
not enter into this calculation of the velocity, which only 
expresses that the vis viva of molecular translation of 
a gaseons system produced by reaction and containing 
all the developed heat is proportional to the vis viva of 
translation of the same gaseous system containing only 
the heat which it has at zero. Thus it seems that in 
the act of explosion a certain number of molecules 
among those which exist in the layer at first ignited are 
shot forward with the whole velocity corresponding to 
the maximum temperature, developed in the combina- 
tion ; their shock causes the reaction to occur in the 
next layer of gas and the motion is transmitted from 
layer to layer with a velocity, if not identical with, at least 
comparable to the velocity of the molecules themselves. 

The transmission of the kinetic energy, in these con- 
ditions of extremely rapid action, may take place more 
readily between gaseous molecules of the same nature, 
in virtue of a sort of unison which co-ordinates similar 
motions, than between the molecules of a gas and the 
enclosing wall. The action is different in the case 
where the system in ignition has time to lose heat, 
communicated to other gases or to neighbouring bodies 
not susceptible of experiencing the same chemical 
transformation. 

The velocity of explosion of H and is the same in 
tubes of '005 and '035 metre diameter, viz. about 
2,800 metres per second; with tube '0015 metre the 
velocity is 2,841 metres. 
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Ok the Duration pbegeding the Establishment of the 

Explosion Wave. 

Mean velocity. 
Times observed. From origin. IneachintervaL 



Distance of registering 
piston from point of 
inflammation. 
Metres. 
•02 



•OS 
•50 

S"2S 
20*190 

40-43 



•000275 
•000342 
•000541 
'002 1 08 
•007620 
•015100 



72*72 
146*2 
924-4 

2491*0 

2649* 

2679* 



727 
448- 
2261* 

3031* 
2710^ 

2706' 



The velocities rapidly increase up to the 5th centi- 
metre, beyond which they are practically constant within 
limits of error. 

The inflaming spark must be powerful, otherwise the 
preliminary variable state may be much longer. 

With H + + 2 N a velocity of 41 '9 met. was got for ist 2 centim. 
„ „ „ 1068* „ next 5*25 met. 

„ „ 1163* » » lo* iJiet. 



ty 



Hydrogen 



{ 



Limits of Detonation. 

H. Air. 

•233 767 

•217 -783 

CO + 
2 CO + N, + 

2C0+N, + 0, 

CH,4 4N, + 0, 

CH^ + 7*5 N + 64 No propagation. 

The limits would probably be lower, if experiments 
were made under pressure, and if stronger charge of 
fulminate were used to produce ignition. 



CO 



Marsh gas 



{ 



Velocity 1205 metres per sec. 
No propagation. 

Velocity 1089 metres per sec. 
No propagation. 
Same. 
Negative results. 

Velocity 115 1 metres per sec. 



173 THEORY. 

Sometimes the flame after explosion wave ceases^ 
runs back in the tube, especially in narrow tubes, 
which shows that limit of explosion is different from 
combustion limit. 

Thus : — 

Detonation limit. Combustion limit. 

CO Below 40 and even 60 per cent. Below 20 per cent. 

HandO Below 22 per cent. „ 6 „ 

Since the found velocities so nearly agree with from 
Clausius' equation, the molecules must retain nearly the 
total possible heat, and therefore dissociation can play 
but a small part in these experiments, probably on 
account of the high pressure and short time. 

Also the velocity is independent of pressure, and 
therefore if dissociation occurs it must be independent 
of pressure. 

Explanation of Tables. 
ist Column. Composition of mixture before experiment. 
2nd ,, <^ Density of products after combustion air = i, 
3rd ,, N The molecular volumes of the elements, supposed 

gaseous, entering into the reaction. 
4th ,, Q The heat envolved ; water being supposed gaseous. 
5th „ VQ The square root of Q. • 

6th 



,, — ^ — , 6*8 being the constant of specific heats of 
" Nx6-8' ^ ^ 



elements at const, pressure ; it is the temp. 
T of the reaction. 
7th „ ^ Given from Clausius' equation for molecular velo- 
city of translation B = 29*354^/ — 

8th ,, V Velocity found in experiment. 
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CHAPTER Vm. 

olebe's theoby of the gas engine. 

We have previously referred to the theory of the gas 
engine advanced by Mr. Dugald Gierke who divides gas 
engines into the three well-defined types of engines : — 

1. An engine drawing into its cylinder gas and air 

at atmospheric pressure for a portion of its 
stroke^ cutting off communication with the 
outer atmosphere^ and immediately igniting the 
mixture, the piston being pushed forward by 
the pressure of the ignited gases during the 
remainder of its stroke. The in-stroke then 
discharges the products of combustion. 

2. An engine in which a mixture of gas and air is 

drawn into a pump, and is discharged by the 
return stroke into a reservoir in a state of 
compression. From the reservoir the mixture 
enters into a cylinder, being ignited as it 
enters, without rise in pressure, but simply 
increased in volume, and following the piston 
as it moves forward, the return stroke dis- 
charges the products of combustion. 

3. An engine in which a mixture of gas and air is 

compressed or introduced under compression 
into a cylinder, or space at the end of a 
cylinder, and then ignited while the volume 
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remains constant and the pressure rises. 

Under this pressure the piston moves 

forward^ and the return stroke discharges the 

exhaust. 
Several minor types have been proposed, and many 
modifications of these three methods are used. A 
thorough understanding of these, however, renders it 
possible, says Mr. Clerk, to judge the merits of any 
other. 

Types 1 and 3 are explosion-engines, the volume of 
the mixture remaining constant while the pressure 
increases. Type 2 is a gradual-combustion engine 
in which the pressure is constant but the volume 
increases. 

Mr. Clerk, in the course of his experiments on gas 
engines, has found that 1,537° Centigrade is the tem- 
perature usually attained by the ignited gases in his 
engine, and he has accordingly investigated the 
behaviour of air under different conditions at this 
temperature. 

Type 1 . Suppose an engine to have a piston with 
an area of 144 square inches and a stroke of two feet. 
Let the piston move through the first half of its stroke 
drawing into the cylinder air; let enough heat be 
immediately added to this air to cause it to rise 
instantly to 1,537° Centigrade, and the piston con- 
tinue moving forward under the pressure produced. 
K there be no loss of heat through the sides of the 
cold cylinder, but the temperature of the air fall only 
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through performing work, how much work would be 
done when the piston completes its out-stroke ? 

The air before the heat is added is supposed to be 
at a temperature of 17° Centigrade (about 60° Fahren- 
heit) and the ordinary atmospheric pressure. In 
Fig. 70 the line marked adiabatic No. 2 is the curve 
showing the work which would be obtained under the 
supposed conditions. Fig. 71 is the indicator diagram 
such an engine would furnish. It is not necessary 
here to detail the calculations. The following are the 
results : — 

z cubic foot of air (at 17° Centigrade, and 76o\ 
millimetres mercury) remaining at constant I ^ f ii» 

volume requires to heat it to 1,537° Centi- P ' ' 
grade, an amount of heat equivalent to . . . / 

Maximum pressure in lbs. per square inch) 
above atmosphere ) ' 

Pressure at the end of stroke per square inch ) 

above atmosphere ) ^^ ^' 

Mean pressure during available part of stroke 39*8 lbs. 

Temperature of air at end of stroke 1,089° C. 

Work done on piston 5 73 1 foot-lbs. 

Duty of engine ^*^^ = 0*21. 

26,762 

As the engine is supposed to draw in air for half of 

its stroke, the last half of the stroke only is utilised 

for power ; the mean available pressure calculated for 

39*8 
the whole stroke is only -y- = 19-9 lbs. jper square 

inch. There is a considerable pressure at the end of 
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the stroke which could be made to give more work by 
expanding further ; but for the purpose of comparison 
it is better to consider the three types of engines as 
each having a cylinder-capacity swept by the piston of 
two cubic feet^ and in each case using in its operation 
one cubic foot of air at each stroke. 

Type 2. Suppose an engine to draw into a pump one 
cubic foot of air, on its return stroke forcing the air 
into a reservoir at a pressure of 76*6 lbs. per square 
inch above the atmosphere. The motor-piston is now 
at the beginning of its out-stroke, and as it moves 
forward, air from the reservoir enters the cylinder, but 
as it enters it is heated to 1,587° Centigrade, without 
rise in pressure; the motor-piston sweeps through 
two cubic feet. 

Fig. 72 shows the indicated card of this engine, a b 
€ dis the pump diagram. Air at 17° Centigrade is 
taken in, compressed without loss of heat, the tempera- 
ture rising under the compression to 217°*5 Centigrade. 
When it is equal to the pressure in the reservoir it is 
forced into the reservoir, as is shown on the line b c. 

In all the operations no loss or gain of heat is 
assumed, except in doing work or in work being done 
on the air. In the motor-diagram from C to E the air 
is flowing from the reservoir following the piston, and 
the temperature is 1,537° Centigrade during the whole 
admission. At e the communication with the reservoir 
is cut off, and the temperature falls while the air is 
expanding doing work*, until it reaches the end of the 

N 



32,723 foot-lbs. 
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stroke, when the exhaust is discharged by the retnm- 
stroke of the piston. 

For convenience the pomp-diagram is shown on the 
motor one, and the shaded portion represents the work 
done by the air as the result of the cycle. As the heat 
is added while the air expands in volome, it takes con- 
siderably more to raise a cubic foot of air to the re- 
quired temperature than in the case of type 1. 

I cubic foot of air ( 1 7"* Centigrade and 760 

millimetres mercnry) at constant pressure 

requires to heat it from the temperature of 

compression 2i7'5'* ^ ^>537° Centigrade 

heat equivalent to ... 

Maximum pressure in lbs. per square inch\ /;./; 11, 

above atmosphere ... ... ... ...J ' 

Pressure at end of stroke above atmosphere... 19*6 lbs. 
Mean pressure during available part of stroke 47*1 Ibs.persq.in. 
Temperature of air at the end of stroke ... 1,089° Centigr. 
Work done on piston. .. ii>7S9 foot-lbs. 

Duty of engine — ^-^ = 0*36 . 

Type 3. Suppose an engine to draw into a pump 
one cubic foot of air, on its return stroke, forcing it in- 
to a reservoir at a pressure of forty pounds above the 
atmosphere. The motor-piston is now at the beginning 
of its out-stroke, and as it moves forward air from the 
reservoir enters the cylinder while the piston sweeps 
through 0*39 cubic feet. At this point communication 
is cut off, and the temperature suddenly raised to 
1,537° Centigrade. Hitherto the air has remained at 
the temperature of compression 150°* 5. The pres- 
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sure goes straight up to two hundred and twenty 
pounds above atmosphere. This is shown at Fig. 70, 
and also at Pig. 73, which is the diagram of this type 
of engine, ab c dis the compression diagram ; ab ef 
the motor diagram. The piston continues to move for- 
ward, and the air expands doing work. At the end of 
the stroke the pressure has fallen to 8*4 pounds per 
square inch above the atmosphere. 

I cubic foot of air (17° Centigrade, and 76o\ 

millimetres mercury) at constant volume 

requires to heat it &om the temperature of }- 2 4*4 16 foot-lbs. 

compression 150*5° Centigrade to 1,537' 

Centigrade beat, equivalent to 
Maximum pressure in lbs. per square inchj ^ 

above atmosphere J 

Pressure at end of stroke 8*4 lbs. 

Mean pressure during available part of stroke 47*81bs.persq.in. 

Temperature at middle of stroke 953° Centigrade. 

„ end of stroke 648° „ 

Work done on the piston 1 1 '090 foot-lbs. 

. 11,090 
Duty of engme ^^-^ = 0-45. 

Fig. 74 shows the most important modification of 
this type ; in it, instead of a separate reservoir, a space 
is left at the end of the cylinder, into which the piston 
does not enter, and in this space the gases forming the 
inflammable mixture are compressed. The rise in 
pressure therefore commences at the beginning of the 
stroke instead of when the piston has travelled out. In 
this diagram the volume swept by the piston and the 
clearance space together are supposed to be equal t^ 
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two cubic feet. Comparing the results obtained from 
these three modes under precisely similar conditions^ 
the same weight of air heated to the same degree, and 
used in cylinders of identical capacity, there is a con- 
siderable difference in the results possible even under 
the purely theoretic conditions stated. 

The relative work obtained from one cubic foot of air 
heated to the assumed temperature is shown below. 

Results fbom Engines of equal volume swept bt 

MOTOR-PlSTON. 

Typ^ !• S>73i foot-lbs. work obtained ... 0*21 duty. 
„ 2. 11,759 „ „ ... 0*36 „ 

„ 3. 11,090 „ „ ... 0-45 „ 

That is, in an engine of type 1, if one hundred 
heat-units be used, twenty-one units will be converted 
into mechanical work. In type 2, with the same 
amount of heat, thirty-six units will be given as work, 
and in type 3 no less than forty-five units would bo 
converted into work. 

The great advantage of compression over no com- 
pression is clearly seen ; by the simple operation of 
compressing before heating, the last type of engine 
gives for the same expenditure of heat 2*1 times as 
much work as the first. Compression, as used by the 
second type, does not afford so favourable a result ; 
but even then the advantage is apparent, 1*6 times the 
effect being produced. By a greater degree of com- 
pression before heating ^ven better results are possible* 
In an engine of type 8 expanding to the same 
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Yolume after ignition as before compression, the possi- 
ble duty D is determined by the atmospheric absolute 
temperature T', and the absolute temperature after 

T — T' 
compression T ; it is D = — ^ — whatever may be the 

maximum temperature after ignition. Increasing the 
temperature of ignition increases the power of the 
-engine, but does not Jcause the conversion of a greater 
portion of heat into work. With any given maximum 
temperature the smaller the difference between that 
temperature and the temperature of compression, the 
greater is the proportion of added heat converted into 
work with any given amount of expansion. The greater 
the compression before ignition, the more closely the 
two temperatures come together, and the higher is the 
duty of the engine ; neglecting in the meantime the 
practical conditions of loss. What compression does, 
is to enable a great fall of temperature to be obtained 
due to work done with but a small movement of the 
piston. In type 1 when the piston has reached the end 
of its stroke, the increase from the moment of ignition 
is only from one volume to two volumes ; while in type 
8, with the same total volume swept by the piston, it 
increases from one volume to five volumes. In the one 
<3ase the ratio of expansion is two^ while in the other it 
is five. This will be readily seen in Figs. 71 and 73. 
Now this increased expansion is not obtained at the 
cost of loss of average pressure ; in type 1 the mean 
available pressure over the whole stroke is nearly 
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20 lbs. per square inch, while in type 8 it is 88*5 lbs* 
per sqnaxe inch; that is> the compression-engine for 
equal size and piston speed has nearly twice the power 
of the other. 

In the compression-engine with a maximum temper* 
ature of 1,587'' Centigrade, the final temperature 
is 648'' Centigrade, while in the other, with the 
same maximpm temperature, the final temperature is 
1,089*^ Centigrade. It is true that by expanding suffi- 
ciently the same final temperature can be obtained 
without compression, but the average pressure will be 
low, and consequently less available for the production 
of power. To produce anything like an expansion of 
five times without compression the pressure would fall 
below the atmosphere, and it would be necessary to 
expand into a partial vacum, and use a condenser and 
vacuum-pump, as is done in the steam engine. Com- 
pression makes it possible to obtain from heated air a 
great amount of work but with a small movement of 
piston, the smaller volume giving greater pressures, 
and thus rendering the power developed more mechani- 
cally available. The higher the maximum temperature 
the greater the amount of compression which can be 
used advantageously. There is a degree of compres- 
sion for every temperature, beyond which any increase 
causes a diminution of the power of the engine for a 
given size. 

The compression in Clerk's engine is 40 lbs. per 
square inch above the atmosphere, and he has accord- 
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ingly confined himself to the ccmipajrison of engines 
employing this amount of compression with those using 

ino compression. Now^ seeing that this difference is 

.produced between engines of types 1 and 3 by the sim- 
ple difference of cycle, when there is no loss of heat 

; through the sides of the cylinder^ the question arises 
which engine would give the greatest effect, which 

. engine in actual practice, with a cylinder kept cold by 
water, would come nearest to theory ? In which of the 
engines would there be the smaller loss of heat ? 

The amount of heat lost by a gas in contact with its 
enclosing cold surfaces depends, first, on the difference 
in temperature between the gas and the cooling 

. surfaces ; secondly, on the extent of surface, exposed ; 
and, thirdly, on the time of exposure. It would be 
very difficult to make an accurate numerical comparison 
between the engines, but all to be shown is, that in the 

. one the loss of heat must be less than in the other. 

To compare the two engines, take equal movements 
of the pistons from a maximum temperature of 1,537° 

'Centigrade. In the engine working without a com- 

. pression this temperature is attained at the middle of 
its stroke, when the piston has moved through 1 cubic 
foot ; the average temperature, while it moves to the 
end of its stroke, is about 1,300° Centigrade. 

Now, in the compression-engine the maximum tem- 
perature is attained at a point when the piston has 
moved through 0*39 cubic foot : suppose it to move to 
1*39 cubic foot, it has moved through 1 foot in the 
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same time as the first engine. Then^ as the temper- 
ature at the middle of the stroke is 953** (Fig. 73) it 
follows that the average during this movement is not 
higher than 1,000*^ Centigrade, but the space contain- 
ing the heated air has increased from 0*39 cubic foot 
to 1*39 cubic foot, and with it the cooling surface; 
whereas the space containing heated air in the first 
engine has, during the same amount of movement, in- 
creased from 1 cubic foot to 2 cubic feet. It follows 
that as the temperature in the compression-engine is 
1,000° Centigrade during the same time as the temper- 
ature in the first engine is 1,300° Centigrade, and as 
the surface in it for cooling is also less, the amount of 
heat lost .by the air must be less in the portion of the 
stroke under consideration. During the portion of the 
stroke remaining, 0*61 cubic foot, the temperature of 
the heated air is low, falling to 648° Centigrade at the 
end of the stroke ; it follows that very small compara- 
tive loss results. Altogether the loss of heat by the 
compression-engine will be the least. 

It will be seen from Pig. 70 that there is a further 
cause of advantage. While the pressure and tempera- 
ture are falling on adiabatic line 1, the work done by 
1 cubic foot of air on expanding to the middle of the 
stroke at a temperature of 453° Centigrade is 7,888 
foot-pounds, from 953° Centigrade to 648° is 3,202 
foot-pounds, that is, 7,888 foot-pounds of work are 
performed by the engine during a movement of the pis- 
ton equal to 0*61, while in the engine without com- 
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pression a movement of 1*00 cubic foot only does 5,731 
foot-pounds. 

The compression-engine during this portion of its 
stroke has converted the heat entrusted to it into work 
at twice the rate of the other engine. This is a great 
point. Any method which converts the heat into work 
with the utmost possible rapidity, by reducing the time 
of contact between the hot gases and the cylinder, 
saves heat and enables the theory of the engine to be 
more nearly realised. 

Taking all circumstances into consideration, it is 
certainly not over-estimating the relative advantage of 
the compression-engine to say that it will, under prac- 
tical conditions, give, for a certain amount of heat, 
three times the work it is possible to get from the 
engine using no compression. 

It will not be necessary to discuss the theory of type 
2 in respect of loss of heat to the sides of the cylinder, 
as it is not much used, and has hitherto failed to yield 
results in any way equal to type 3. It will be seen, 
however, from Fig. 72, that the conditions are not so 
favourable for a minimum loss of heat as in type 3. The 
temperature from the moment of admission at c, to the 
point of cut-off at e,is kept constant at 1,5 3 7° Centigrade, 
80 that the loss of heat must be great, both the surface 
exposed and the mean temperature being high. It is 
the less necessary to discuss this point in the slow- 
combustion engine, as the possibility of using a hot 
cylinder and piston reduces the loss by attaining a 
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temperature not fax removed from the entering 
air. 

It will be interesting to ealcnlate the amounts of 
gas required by these three types under the supposed 
conditions^ and for this purpose an analysis of Man- 
chester gas, and also of London gas, has been used as 
the basis of calculation. 

Analysis of Manchesteb Coal Gas, bt Bunsen and Eoscoe. 

Hydrogen 45'5S 

Marsh-gas 



Carbonic oxide ... 
defiant gas or ethylene 
Tetrylene 
Snlphuretted hydrogen 

Nitrogen 

Carbonic acid 



3490 
6-64 

4-08 

0*29 
2*46 

3-67 
loo'oo vols. 



Of this gas, 1 lb. at atmospheric pressure and 17** 
Centigrade measures 30 cubic feet, and evolves on 
complete combustion 10,900 heat-units Centigrade, 
equivalent to 15,146,640 foot-lbs. 1 cubic foot of 
this gas will therefore evolve on complete combustion 
heat equivalent to 



15,146,640 
30 



= 504,888 foot-lbs. 



To obtain an idea of the difference in heating-pov7er 
) different gases, there is given here a recent 
ijp -' "^ »don gas. 
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Ahaltsis 


OF LoKDON Goal Gas. 




. 


(A.) 


(B.) 


Hydrogen 


50-05 


51*24 


Marsh-gas 


32-87 


35-28 


Carbonic oxide 


12*89 


7-40 


Olefines 


3-87 


3-56 


Nitrogen 




2*24 


Carbonic acid... 


0*32 


0-38 



Taking the average of the two analyses, 1 lb. weight 
of this gas at atmospheric pressure and 1 1"" Centigrade^ 
measures 35*5 cubic feet, and evolves on complete 
combustion 12,500 heat-units Centigrade, equivalent 
to 17,370,000 foot-lbs», 1 cubic foot of this gas will 
therefore evolve, on complete combustion, heat equiva- 
lent to 

17,370,000 



35-5 



= 489,268 foot-lbs. 



The difference between the heat evolved by these 
gases is but small. As Glasgow coal gas is of a high 
illuminating power, it will be richer in olefines, and the 
heat evolved per cubic foot will be somewhat greater. 
Taking 505,000 foot-lbs. as the amount of heat evolved 
by 1 cubic foot of coal gas, the result is probably very 
near the average to be obtained from the coal gas of 
most towns. The number of foot-lbs. required for one 
horse-power for one hour are 38,000 x 60 = 
1,980,000. It therefore follows that if the whole 
heat to be obtained from gas were converted into 
mechanical work, 1 horse-power for one hour requires 

1,980,000 



505,000 



= 3*92 cubic feet. 
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Now> taking the three types of engines, the amount 
of gas required by each to give 1 IHP. per hour would 
be as follows : — 

Amount op Gas Requibed bt the Thbee Types of Engine. 
Type I. '^-r-=::iS'$ cubic feet per HP. per hour. 

m 3*92 

Type 2. ^=io-9 

Type 3. ^= 8-6 „ 

If these engines be worked without loss of heat 
through the sides of the cylinders, but the expanding 
gases falling in temperature only through doing work, 
the above results would be obtained. 

It is interesting to compare the consumption of gas 
by the engines in actual practice, to see in what order 
it stands. Eesults have not been obtained from engines 
of equal volume swept through by the piston, but it is 
at once seen that the order is in accordance with what 
is required by theory. 

Amount op Gas Consumed by the Three Types op Engine 

Hitherto in Practice. 

I.Lenoir 95 cubic feet per indicated HP. per hour. 

Hugon 85 „ „ „ 

2. Brayton 50 ,, }, ,, 

3* v/tto 21 )) ,) )) 

For the Lenoir and Hugon engines the results of 
experiments by M. Tresca, of Paris, have been taken, 
as stated, by Professor Thurston and the late Professor 
Bankine. 
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For the Brayton engine has been taken the result 
obtained by Professor Thurston, corrected for an error 
into which he has fallen. He states the consumption 
of the engine to be 82 cubic feet per IHP. per hour^ 
and then goes on to say that on the brake 4 horse- 
power is obtained, while 8" 6 is indicated. He has* 
neglected to deduct from the gross indicated power in 
the cylinder, the pump-resistance, and thus calculates^ 
the consumption on the gross indicated, instead of on 
the available indicated power. The available indicated 
power is not more than 5*2 horse power, and the con- 
sumption is not less than 50 cubic feet per IHP. per 
hour. 

For the Otto engine have been taken the figures 
given by Mr. F. W. Crossley. It is seen that the resultft 
are much what would be anticipated from the theory 
already developed. The difference between types 1 and 
S is greater than theory would indicate ; but at the time 
the Lenoir engine was in use, the imperfection of the 
igniting arrangements and the rapid heating of the 
piston, and consequently of the entering gases, made 
its action diverge much more widely from theory 
than is the case with the Otto. The latter engine 
not only has the advantage of a better theoretical cycle 
but the arrangements are of a nature to secure a 
greater perfection of action, and consequently a still 
closer approach to theory. An amount of about 18 per 
cent of the heat used by it is converted into work, but, 
only 3'9 per cent, by the Hugon engine. 
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In types 1, 2 and 8, which have been discussed^ 
it has been assumed that in each case the expansion 
doing work was carried to twice the volome of the air 
compressing. 

Fig. 75 is a diagram from one of Clerk's engines 
which belongs to type 8. It will be observed that 
in this engine the expansion is only continued until 
the volume of the hot gases becomes equal to the 
volume before compression. 

Taking the amount of work to be obtained from a 
cubic foot of air compressed to 40 lbs. above the 
atmosphere^ and then heated to 1,587'' Centigrade, 
expanding as the piston moves to its volume before 
compression, and then exhausting, it wiU be found to 
give the following results : — 



24,416 foot-lbs. 



I cubic foot of air (17° Centigrade and 760^ 

millimetres mercniy) at constant volume 

requires to heat^ it from the temperature of 

compression 150*5° Centigrade to 1,537* 

Centigrade, heat equivalent to . 
Maximum pressure in lbs. per square inch) 

above atmosphere J 220 s. 

Pressure at end of stroke in lbs. per sq. inch . 49 lbs. 

Mean pressure during available part of stroke) 

above atmosphere ) ^ 

Temperature at the end of the stroke . . 953° Centigrade 
Work done on the piston .... 7,888 foot-lbs. 

Now, the work actually given by 1 cubic foot of 
combustible mixture in Clerk's engine, as will be seen 
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from Fig. 75/is 6,851 foot4bs. The full lines are the 
diagram-lines from the engine; the doited lines are 
the lines of compression and expansion without loss 
or gain of heat, except by work done on or by the air 
nnder similar conditions of temperature and com- 
pression. It will be observed that the compression 
line and the dotted line are very close together ; no 
heat seems to be lost to the sides of the cylinder 
during compression; the loss of heat to the water- 
jacket is balanced by the gain of heat from the piston, 
which must necessarily be much hotter than the 
cylinder-sides, as it only loses heat by contact with 
the cylinder and by the circulation of air in the 
trunk. The temperature attained at the commence- 
ment of the stroke is in both cases identical, 1,587° 
Centigrade ; the temperature at the end of the stroke 
without loss of heat is 958'' ; the temperature in the 
cylinder at the end of the stroke is 656'' Centigrade. 
This appears a very small loss of heat from a flame 
filling the cylinder, considering the surface exposed 
and the great difference of temperature between the 
ignited gases and the enclosing walls. Is it to be 
concluded, then, that the loss of heat to the cylinder 
during the time of the forward stroke is only 953'' — 
656" = 297°Centigrade. On this assumption the duty 
of the engine would be — 



6,851 

= 0-286, 



24,416 
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and the comsnmption of gas per indicated HP. per 
hour would be — 

8*92 

= 18-7 cubic feet ; 



0-286 

but the consumption is 22 cubic feet per indicated HP* 
per hour, so that there has in some way been lost 
much more heat than is to be accounted for by the 
temperatures as determined by the diagram. The 
duty of the engine is — 

8-92 



22 



= 0-178. 



The duty of the engine expanding to the same 
volume as the mixed gases before compression is — 

Gas required 
per IHP. per hour. 
Cubic Feet. 

Duty without loss of heat to sides of cylinder 0*323 12-1 
Duty with loss of heat as shown by diagram . 0*286 137 
Duty as determined by experiment . .0-178 22*0 

Now, the number of cubic feet of combustible mix- 
ture required to produce 1 HP. for one hour in Clerk's 

engine is — 

1,980,000 

6,851 = ^®^- 

The amount of gas in the engine per cubic foot of 

22 . 1 

mixture, oqq = 0*0761 cubic foot, or — of the total 

volume of gaseous mixture passed into the engine. If 
only the amount of gas necessary to heat the air to 
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the required temperature is present, 1 cubic foot re- 
quires 0"0482 cubic foot of coal gas, or about jrr of 

its volume ; that is, although to heat up a cubic foot 
of inflammable mixture from 150° Centigrade to 
1,587*" only 0*0482 cubic foot of coal gas is required, 
yet although there is present 0*0671 cubic foot, or 
1'58 times the amount necessary, the temperature does 
not rise any higher. Why is this ? 

Before going into the question, it is better to 
determine as nearly as possible what becomes of 100 
heat-units used by the engine. The exhaust being 
discharged at a^ temperature of 656°, and the tempera- 
ture of the air before compression being assumed at 
17°, it follows that the exhaust from 1 cubic foot 
carries away with it (656 — 17) x 17*61 = 11,258 
foot-lbs. 

The work done by the cubic foot of mixture ia 
6,851 foot-lbs., and the equivalent in foot-lbs. of the 
gas present in 1 cubic foot of explosive mixture is> 
0-0761 X 505,000 = 38,480 foot-lbs. The heat is 
therefore disposed of as follows : — 

Heat-nnits 
Foot-lbs. per cent. 

Work done by i cubic foot of mixture . 6,851 i7'83 
Mechanical equivalent of heat discharged) 

with the exhaust ... .J "'^53 29-28 
Mechanical equivalent of heat passing) 

through sides of cylinder . . .' ^""'^^^ 52-89 

38,43 lOO'OO 

o 
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This invesiigation is only approximate. The de- 
termination, with anything like possible physical 
accuracy, would require an examination of many 
points involving months of continuous work. For the 
present, however, it is only necessary to discuss the 
principles in such a manner as to -clearly show where 
original research is required. More than one half of 
the total heat given to the engine passes through the 
sides of the cylinder and is lost. How is this 
enormous loss of heat sustained, while only a com- 
paratively small fall of temperature takes place below 
the adiabatic curve. 

This leads back to the question of what becomes of 
ihe gas present in excess of the amount necessary to 
raise the temperature to 1,527° which has already 
been noticed. At this point it is necessary to con- 
sider the gas engine as something different from a 
hot-air engine. 

The chemical phenomena attending combustion 
now require consideration. If two volumes of hydrogen 
be mixed with one volume of oxygen (the proportions 
necessary for complete combination of both gases to 
form water), and be ignited in a closed vessel in such 
a manner that the maximum pressure may be measured, 
it will be found that the pressure is a much lower one 
than would be expected if the complete combination of 
the two gases took place at once, and the whole heat 
due to this combination were developed. That this is 
not due to loss of heat to the sides of the vessel has 
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been shown by Bunsen. He proved that the rate of 
rise in pressure is exceedingly rapid compared to the 
rate of fall of pressure. The time taken for the in- 
flammation of the whole volume of mixture is the time 
of attainment of the maximum pressure. In his 
experiments, he used only a very small tube, which 
contained a volume of gaseous mixture, 8* 15 centi- 
metres long, by 1*7 centimetre in diameter, and the 
eatire length of this column was traversed by the 
electric spark, in order that the inflammation of the 
whole mass in the tube might be as nearly instan- 
taneous as possible. In practice he succeeded in 
producing a maximum temperature in so short a time 
as T,^ part of a second. By examining the light 
from the explosion through a revolving disk provided 
with radiating segments, the rate of revolution of the 
disk being known, he determined the duration of light 
within the tube, and therefore the duration of a tem- 
perature not far removed from the maximum. 

The duration of the illumination was found to be 
-gV of a second. A maximum pressure, obtained in 
so short a time, with a duration so relatively long, 
makes it impossible that loss of heat through the 
sides of his tube could have affected his experiments. 
The cause, therefore, of the pressure falling so far 
short of what it would be if the combination took 
place completely, is simply this, that, -the temperature 
is so high that complete combustion is impossible. 
The temperature, and,^ therefore, the pressure produced 
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by the combination of any gases^ is limited by the 
dissociation or decomposition of their products of 
combustion. 

When any two gases combine, say (H) and (0) to 
produce water, what happens is this. The tempera- 
ture rises till a point is reached, when any further rise 
would decompose the water which is already formed ; 
and if the gases are kept at this temperature, no 
further combination will take place. If the tempera- 
ture is lowered, further combination takes place whilst 
it is low enough to allow of the existence of steam 
without decomposition. 

The temperature at which steam can exist as 
steam without its partial resolution into hydrogen and 
oxygen gases is not a high one. At 960^ to 1,000° 
Centigrade Deville has proved that it commences to 
decompose, and at 1,200° Centigrade, considerable 
decomposition takes place, the amount of decomposition 
increasing as the temperature rises: for each tem- 
perature there is a proportion of steam to free gases 
which is constant, and does not change till the tempera- 
ture changes. The same law holds true for carbon 
dioxide ; at high temperature it decomposes into carbonic 
oxide and free oxygen. 

Bunsen attempted to determine the temperature 
attained on the explosion of a mixture of hydrogen and 
oxygen, a pure electrolj^tic mixture. He found that the 
maximum pressure attained by such a mixture is 10 
atmospheres, the temperature before ignition being 
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6^ Centigrade. From this he calculated the tempera- 
ture produced, but in doing so, as Berthelot afterwards 
pointed out, he neglected the fact that when these gases 
combine, 8 volumes of the gases form 2 volumes of 
steam-gas, and consequently if complete combination 
is assumed, and it be supposed that the pressure is 
produced by steam only, the volume before ignition 
must be calculated at two-thirds of that taken by the 
mixed gases. But as it is known that combination is 
incomplete at the lowest assignable temperature of the 
combustion, and it is not possible to tell the amount of 
combination at a given pressure without knowing the 
temperature, this cannot be assumed. 

As in determining temperature by an air thermometer 
it is necessary that the amount of air in the thermo- 
meter should be constant at the different temperatures, 
it is evident that the temperature of an explosion can- 
not be known from the increase in pressure unless the 
chemical changes taking place do not alter the volume 
of gases under observation. 

In calculating the temperatures attained in Clerk's 
engine, this fact has been kept in view by him. The 
capacity of the space at the end of the cylinder was 
carefully taken by filling with water and weighing the 
water. As the proportion of the combining gases to 
the excess of oxygen or free nitrogen is very small, 
only one-thirteenth of the whole volume used being 
combustible gas, the space may be considered as simply 
jGdled with heated air, and the contraction caused by the 
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formation of H^O and GO, neglected^ especially as an 
increase in yolome follows the combination of the de- 
fines with oxygen. 2 volumes of H combine with 1 
volume of 0, forming 2 volumes of steam. 2 volumes 
of marsh-gas (GH^ require for complete combustion 4 
volumes of 0, and form 4 volumes of H,0 and 2 vo- 
lumes of GO,. 2 volumes of carbonic oxide (GO) unite 
with one volume of 0, forming 2 volumes of GO,. If 
the olefines in coal-gas be taken as of an average com- 
position of G3H5, then 2 volumes require for complete 
combustion 9 volumes of oxygen, forming 6 volumes 
of BJO and 6 volumes of GO,. 

Now, taking the composition of coal gas as below, the 
noted amounts of oxygen are required for combustion^ 
and the given volumes of the products are formed — 

H = 50 vols, requires 25 vols. = 50 vols. H^G produced. 
CH^ = 33 vols, requires 66 „ = 99 vols. CO^ & "ELfi „ 
CO = 13 vols, requires 6*5 ,, = 13 vols. CO, ,, 

CjHg = 4 vols, requires 18 ,, O = 24 vols. 00, &HaO ,> 

100 + 115*5 = 225*5 gives 186 vols. 

The amount of contraction due to complete combus- 
tion of this coal gas is small even when burning with 
pure oxygen, 225 volumes of the mixed gases becoming 
186 volumes after combustion. When diluted with 
nitrogen the proportion of contraction is less and in- 
troduces no serious error. With a mixture of one 
volume of gas to 12 volumes of air, 125 volumes of 
the mixture before combination become 122 volumes 
when completely combined, at the original tempera- 
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tore, asBtiming the -water to remain gaseous. If the 
curve of the dissociation of water and carbonic dioxide 
were known it wotild be possible to show on the indicator 
diagram the reserve of heat available at each point of 
the fall. 

What the engineer requires of the scientific chemist 
is a curve of the dissociation of water and carbonic 
acid at temperatures ranging from the maximum pro- 
duced by combustion down to the point at which it may 
be safely assumed that complete combination is possi- 
ble. 

In Fig. 57 the dotted line shows a fall of temperature, 
by hot air doing work without loss of heat through the 
cylinder, and the black line shows the actual fall 
of temperature in Clerk's engine, with loss of heat 
through the sides of the cylinder. It is evident then 
that the cause of so near an apparent approach to 
theory is, that at the maximum temperature, complete 
combination of gases with oxygen is impossible, and 
cannot take place until the temperature falls. As the 
temperature falls the gases further combine, until a 
temperature is reached at which combination is com- 
plete. 

The loss of heat through the sides of the cylinder is, 
therefore, much greater than would appear from the 
diagram. In calculating the efficiency of the gas 
engine, all previous observers have assumed that the 
loss of heat to the cylinder is to be obtained from the 
comparison on the indicator-diagram of the actual 
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expansion-line with an adiabatic line from the same 
maximum temperature and pressure. Professor Biicker, 
of Leeds, was the first to point out the necessity of 
taking into account the phenomena of dissociation in 
making such comparisons. Accordingly, all previous 
estimates of efficiency, based on the indicator diagram, 
are much too high. 

The gas engine, then, differs from the hot air engine, 
using heated air, in this, that the temperature is sus- 
tained, notwithstanding the enormous flow of heat 
through the sides of the cylinder, by the continuous 
combination of the dissociated gases. 

In The Lenoir Gas Engine, a paper read before 
the Franklin Listitute, in 1866, by Mr. Slade, it is 
pointed out that '' the temperature at the end of the 
stroke would be 2,156° Fahrenheit (1,180° Centigrade). 
The final temperature, supposing there be no leakage, is 
1,488° Fahrenheit (781° Centigrade), and the difference, 
718° Fahrenheit (399° Centigrade), is the quantity of 
heat absorbed by the water-jacket by which the 
cylinder is surrounded." 

" It will be observed that the explosion takes place 
so late in the stroke that there is a considerable avail- 
able pressure at the end of the stroke, which of course 
is not utilised.*' 

Now, if the Lenoir engine had only lost this 
amount of heat through the sides of the cylinder it 
would have been very economical and would have 
approached theoretic consumption ; but the causes of 
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loss are so great that it never did come anything near 
this figure, and an error is introduced, according to 
Mr. Clerk, through neglecting the effects of dis- 
sociation. 

Interesting information, however, is to be obtained 
from this paper as to the proportion of gas and air in 
the mixture used by the Lenoir engine. When these 
diagrams were taken the maximum temperature after 
ignition was 1,856° Centrigrade ; now in Clerk's 
present engine the maximum temperature is 1,587° ; 
it follows that Lenoir used a more diluted mixture as 
the temperature after ignition was lower. The engine 
could not have been using an ignitable mixture con- 
taining more gas than one-fourteenth of its volume — a 
mixture which Mr. Clerk finds to be easily ignited at 
ordinary atmospheric pressure. The statement is often 
made that such a mixture will not explode except it be 
fiurst compressed; this is incorrect, it is possible to 
ignite even a weaker mixture without compression. 
Coquillon* has determined the limits between which a 
mixture of marsh-gas (CH4) and air can be exploded. 
Mixtures of marsh-gas and air in different proportions 
were introduced into a eudiometer and fiured by the 
electric spark, with the following results : — 

Marsh-gas, 1 volume ; air, 5 volumes : the spark is 
without effect. Marsh-gas, 1 volume ; air, 6 volumes : 
explosion only occurs in a succession of shocks. This 

* Journal of the Chemical Society, vol. i., 1877, p. 166 ; and Comptes 
Bendus de 1' Academic des Sciences, 1876, vol. xxziii., p. 709. 
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is the first limit of possible explosion ; the marsh-gas 
is in excess. Marsh-gas 1 volume, and 7, 8 and 9 
volumes of air gave a sharp explosion. With 12, 13, 
14, 15 volumes of air for 1 volume of marsh-gas the 
explosion occurs, but grows gradually weaker. With 
16 volumes of air the effect is reduced to a series of 
slight intermittent commotions. This is the second 
limit ; the air is in excess. 

In the Lenoir engine the time, from the beginning 
of rise in pressure to the attainment of maximum 
pressure, is found to be from one twenty-seventh to one- 
thirtieth of a second ; when the ignitions are late it 
takes longer, one-twentieth of a second being required ; 
that is, the flame has spread completely through the 
mass in one-twentieth part of a second. 

Now, in Clerk's engine, calculating from the moment 
when the ignition port is opening to the flame, to the 
moment of maximum pressure as found from the dia- 
grams, it has been ascertained that the time occupied 
is an average of one twenty-fifth of a second, a 
time nearly identical with that found for the Lenoir 
engine. 

If it be admitted that the flame has spread com- 
pletely through the mass when the maximum pressure 
is attained in the Lenoir engine, it cannot be supposed 
that it has not spread in like manner throughout the 
mass of ignitable mixture in the modern compression 
engine. Maximum pressure is the only outward indi- 
cation of complete inflammation ; by complete inflam- 
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niation is not meant the thorough chemical combination 
of the active gases present, but the spread of the 
flame through the entire mass. That when maximum 
pressure has been reached complete inflammation has 
also been attained has hitherto been considered self- 
evident. The theory has been advanced by Mr. Otto 
that in the modem compression-engine attaining maxi- 
mum pressure at the beginning of the stroke, the flame 
has not spread throughout the mass of the ignitable 
mixture in the cyclinder; but that as the piston moves 
forward the pressure is sustained by the gradual spread 
of the flame. This supposed phenomenon has been 
called slow combustion; if it has any existence it 
should be called slow inflammation. It has a real ex- 
istence in the Otto engine, Mr. Clerk infers, only when 
it is working badly ; but even then maximum tempera- 
ture is attained, and very distinctly marks the point of 
completed inflammation. 

The time taken to attain maximum pressure is 
longer in a large engine than in a small one, because 
the distance through which the flame has to travel is 
greater. During the investigation already referred to. 
Professor Bunsen determined the celerity of the propa- 
gation of ignition through a pure explosive mixture of 
hydrogen and oxygen in the following manner : the 
explosive mixture was allowed to bum from a fine 
orifice of known diameter, and the rate of the current 
of the gaseous mixture was carefully regulated by 
diminishing the pressure, to the point at which the 
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flame passed back throngh the orifice and ignited the 
gases below it. This passing back of the flame occurs 
when the velocity with which the gaseous mixture 
issues from the orifice is inappreciably less than the 
velocity with which the inflammation of the upper 
layers of burning gas is propagated to the lower and 
unignited layers. 

The rate of the propagation of the ignition in pure 
hydrogen was found to be 34 metres per second. In a 
maximum explosive mixture of carbonic oxide and 
oxygen it was not quite 1 metre per second. 

Mallard* has determined the rapidity of the propa- 
gation of inflammation through mixtures of coal-gas 
and air by this method^ and found that the maximum 
rate of propagation was attained with a mixture of 1 
volume of coal-gas with 5 volumes of air, and it is 
I'Ol metre per second. One volume of coal-gas with 
6^ volumes of air gave a rate of 0*285 metres, or 11 
inches per second. 

This is the rate of ignition, it must be remembered, 
at constant pressure ; in a closed tube fired at one end 
it would ignite with much greater rapidity. In a 
closed space the conditions of inflammation are quite 
different. The ignited portion instantly expands, com- 
pressing the portion still remaining, and thus carries 
the flame further into the mass, so that to the rate of 
ignition at constant pressure is added the projection of 

* Journal of the Chemical Society, 1877, vol. 1., 632 ; Thorpe on "The 
Theory of the Bunsen Lamp." 
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the flame into the mass by its expansion. To deter- 
mine from the rate of ignition at constant pressure the 
time necessary to completely inflame a given volume of 
mixture at constant volume is a very complicated 
problem, which it is probable can only be solved experi- 
mentally. 

Mr. Clerk has found it possible to ignite a whole 
mass in any given time between the limits of one-tenth 
and one-hundredth part of a second, by so arranging 
the plan of ignition that a small volume of gaseous 
mixture is first ignited, expanding and projecting a 
flame through a passage into the mass of inflammable 
mixture, and thus adding to the rate of ignition the 
mechanical disturbance produced by the entering 
flame. He has succeeded by this means in pro- 
ducing maximum pressure in one -hundredth part of 
a second in a space containing 200 cubic inches. This 
rate of ignition is too rapid, and would not give the 
engine time to take up the slack in bearings, connect- 
ing-rods, &o. But by firing a mixture with varying 
amounts of mechanical disturbance almost any time 
of ignition can be obtained between Thj and 1^ of a 
second. It does not matter whether the mixture used 
is rich or weak in gas ; the rich mixture can be fired 
slowly and the weak one rapidly, just as may be re- 
quired. The rate of ignition of the strongest possible 
mixture is so slow that the time of attaining complete 
inflammation depends on the amount of mechanical 
disturbance permitted. 
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According to Mr. Clerk, the following are the names 
of the first to propose each type : 

Year. 
Type I. Explosion acting on piston connected to crank 

W. L. Wright 1833 

„ „ free piston Barsanti & Mattencci 1857 

Type 2. Compression after ignition bnt at constant 

pressure . . . . C. W. Siemens i860 

Compression with increase in vol. . F. Millon 1861 

Type 3. Compression with increase in pressure after 

ignition bnt at constant volume • F. Millon 186 1 

From the considerations advanced, it will be seen 
that the cause of the comparative efficiency of the 
modem type of gas-engines over the old Lenoir and 
Hugon engine is to be summed up in one word, ** com- 
pression." Without compression before ignition an 
engine cannot be produced giving power economically 
and with small bulk. The mixture used may be 
diluted, air may be introduced in front of gas and 
air, or an elaborate system of stratification may be 
adopted, but without compression no good effect will 
be produced. 

The proportion of gas to air is the same in the 
modern gas engine as was formerly used in the Lenoir, 
the time taken to ignite the mixture is the same, the 
only difference is compression. The combustion, or 
rather the rate of inflammation, is indeed quicker in 
the modern engine because the volume of mixture used 
at each stroke is greater, and yet the time taken to 
completely inflame the mixture is no more than in the 
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old (rype. The cause of the sustained pressure shown 
by the diagrams is not slow inflammation (or slow 
combustion as it has been called)^ but the dissociation 
of the products of combustion^ and their gradual com- 
bination as the temperature falls, and combination 
becomes possible. This takes place in any gas 
engine, whether using a dilute mixture or not, whether 
using pressure before ignition or not, and indeed it 
takes place to a greater extent in a strong explosive 
mixture than in a weak one. 

The modem gas engine does not use slow inflamma- 
tion (or slow combustion if the term be preferred), but 
when working as it is intended to do, completely in- 
flames its gaseous mixture under compression at the 
beginning of the stroke. By complete inflammation is 
meant complete spread of the flame throughout the 
mass, not complete burning or combustion. If by 
some fault in the engine or igniting arrangement the 
inflammation is a gradual one, then the maximum 
pressure is attained at the wrong end of the cylinder, 
and great loss of power results. 

Compression is the great advance on the old system; 
the greater the compression before ignition the more 
rapid will be the transformation of heat into work by 
a given movement of the piston after ignition, and 
consequently the less will be the* proportional loss of 
heat through the sides of the cylinder. The amount 
of compression is of course limited by. the practical 
consideration of strength of the engine and leakage of 
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the piston, but it is certain that compression will be 
carried advantageously to a much greater extent than 
at present. The greatest loss in the gas engine is that 
of heat through the sides of the cylinder, and this is 
not astonishing when the high temperature of the flame 
in the cylinder is considered. In larger engines using 
greater compression and greater expansion it will be 
much reduced. As an engine increases in size the 
volume of gaseous mixture used increases as the cube, 
while the surface exposed only increases as the square, 
do that the proportion of volume of gaseous mixture 
used to surface cooling is less the larger the engine 
becomes. Taking this into consideration it may be 
accepted as probable that an engine of about 50 indi- 
cated HP. could be made to work on 12 cubic feet of 
coal-gas per indicated HP. per hour, or a duty of about 
32 per cent. 

The gas-engine is as yet in its infancy, and many 
long years of work are necessary before it can rank 
with the steam engine in capacity for all manner of 
uses ; but it can and will be made as manageable as 
the steam engine in by no means a remote future. 
The time will come when factories, railways, and ships 
will be driven by gas engines as eflBicient as any steam 
engine, and much more safe and economical of fuel. 
Gas generators will replace steam-boilers, and power 
will not be stored up in enormous reservoirs but 
generated from coal direct as required by the 
engine. 
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The data used by Mr. Clerk in his Paper on " The 
Theory of the Gas Engine," are 

Specific heat of air at constant vol. . = 0*169 ; water I'oo 
„ „ „ pressure = 0*238 

Mechanical equivalent of heat foot-) _ 
lbs. Centigrade . . . ./ "" ^^ ^ 

Specific heat of air at constant yoL ] 
in foot-lbs. for i cubic foot at^ 17*6 foot-lbs. 

17** C. and 760 m.m. barometer J 

Specific heat of air at constant pres- 
sure in foot-lbs for i cubic foot 
from 17** C. and 760 m.m. . 

Weight of I cubic foot of air at 
17* C. and 760 m.m. 



*i 



24*8 foot-lbs. 



0*075 lb 



Burning completely in oxygen, the following sub- 
stances are taken as evolving the noted amounts of 
heat in Centigrade units, per unit weight of substance 
burned. 



Hydrogen ... 




... 34»i7o 


Carbon 




8,000 


Carbonic oxide 




2,400 


Marsh-gas... 




... 13,080 


Olefiant-gas 




... 11,900 



CHAPTEE IX. 

THE GAS ENGINE INDICATOR-DIAGBAM. 

Pbopessors W. E. Ayrton, F.E.S., and John Perry, 
M. E., have considered it necessary that help should 
be given to practical men to enable them to use such 
observations as they are constantly making, and to 
this end read a paper before the Physical Society of 
London^ intended to teach such men a method of 
obtaining information from the indicator-diagram of a 
gas engine. The following is a condensation of the 
principal parts of this paper : — 

The action in the Otto Gas Engine. — ^When the 
piston is at the end of its stroke, only what is called 
the clearance-space behind it is filled with fluid. This 
fluid is a mixture of carbonic acid, water-vapour, and 
nitrogen, whose temperature is about 410° C, if there 
was an immediately previous explosion. The tempera- 
ture of the clearance space fluid may be anything 
between 410° C. and the temperature of the atmos- 
phere, depending on how recently an explosion has 
taken place. As the piston moves forward it draws 
into the space a mixture of gas and air. At the end 
of the forward stroke the pressure of the mixed fluid is 
nearly that of the atmosphere ; in the back stroke the 
fluid is compressed. At the beginning of the next 
forward stroke the fluid is ignited, and rapid develop- 
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ment of heat results, causing great increase in pressure, 
the pressure gradually diminishing until, just before 
the end of the forward stroke, the fluid is allowed to 
escape. In the next back stroke the piston drives the 
fluid out of the cylinder with the exception of what 
remains in the clearance, and thus completes a cycle 
of operations. Indicator-diagrams show the nature of 
the alterations in pressure and volume going on during 
the compression and working parts of the cycle; 
distances measured as abscisssB representing pressure 
in pounds per square inch firom vacuum, and distances 
measured as ordinates representing volume of the 
fluid, the unit of volume being the volume described 
by the piston moving through one foot of the length of 
the cylinder. 

The shape of the diagram is materially modified by 
the recentness of the last explosion, as this effects the 
temperature of the fluid before compression, and so 
modifies the actual amount of the mixture of gas and 
air entering the cylinder. To a less degree the shape 
of the diagram is affected in the discharge part of the 
cycle by the recentness of an explosion, as a recent 
explosion wiU have given the exhaust passages a higher 
temperature. 

The Nature of the Working Fluid. — For the purpose 
of showing the nature of the working fluid Table I. was 
constructed by Professors Ayrton and Perry. It will 
be seen from this that a mixture of 6' 7 60 cubic feet of 
air and coal-gas becomes, after complete combustion. 
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6*4977 cubic feot of carbonic acid, water-vajpoiir, and 
nitrogen, reduced to the same pressure and temperature 
without condensation of the water-Taponr. Now as there 
is always an excess of air^ and as the mixiore before 
combustion has added to it nearly six cubic feet of the 
products of previous combustions, we have Bomething 
like 18*8 cubic feet before combustion becoming 
18*0877 cubic feet after combustion, at eqaivalent 
pressure and temperatures. The contraction is only 
about 2 per cent. We therefore may regard the fluid 
in a gas-engine as a fluid which, however it may 
receive heat, obeys approximately the characteristic law, 

pv 

-™r constant 

(where p is pressure, v volume, and T the absolute tem- 
perature), in so far as mechanical actions are concerned. 
That is, we may speak of it as a perfect gas, which 
receives heat from without, neglecting the fact that it 
is its own molecular energy which appears as heat. It 
is also approximately true that the ratio of the speciflc 
heats of the fluid is unchanged by combustion taking 

place. 

In Table II. is given a similar comparison for 
Dowson gas : — 

2*1325 cubic feet of combustible mixture become 
1*9143 cubic feet ; 
or, taking into account the clearance-space and its pro- 
ducts of past combustions, we have, say. 
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4 cabio foet beooming 3*7818 cubic feet ; 
or contracting by nearly 5^ per cent, of its Tolome. 

In Tables III. and IV. are calcnlated the specific beat 
of a mixture of 1 cubic foot of coal-gas, 5*76 cabicfeet 

Tablb m. — Coal-Qas befobe Coiibdstion. 



Constituent. 


Amonnt 
in 
floid, 


ill 


ill 








feet. 


c,. 


C- 


eC;. 


qC,- 




0-46 

0-075 

0-3950 

0-0380 

o'oo5o 

oo^oo 


■2359 

■=37 

"3^77 

■4106 

■237 

■2984 

■2374 

■2S8i 


'99 X -168 

1-54 " 
2 '03 „ 

1-36 " 

1TZ4 .. 


-1085 
■0178 
•1294 
;ois6 

■0060 
1-3680 
1-1614 


•4554 xt6S 

■0750 .. 
■6082 „ 
■0771 .. 

■0050 ,, 

■0272 „ 

5760 „ 

5-osS .. 


Carbon monoxide 

Marsb-gas 

Olefiant gas 


Water-vapour ... 


ProdnctB 




"■2S3 






2-8079 


12066 X -168 

or 2'o27 




Or 0^^0.2496, C,=o'i8o2. EaHo 1-385 | 



of air, and 4'5 cabie feet of products of a previous 
combustion, before and after combastion takes place. 
The Centigrade scale of temperature is employed. 

In Tables V. and VI. similar calculations are made 
for the usual mixture of Dowson gas mth air and pro- 
ducts of previous combustion. 

The specific heats given are those of the constituents 
in the cold state. Seeing, however, that there ia no 
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Cubic 
feet. 

9- 


Cp. 

•2984 

*33o7 
•2370 


c.. 


qOp' 


gCt,. 


Water-vapour ... 
Carbon dioxide... 
Nitrogen 


1*3714 
0-5714 

4*5554 


1-36 X -168 
1*55 » 


•4092 

•1889 

1*0790 


1-865 x-i68 
•8855 „ 

4-5554 n 


Total 


• • • 


• • • 




1-6771 


7*3o59X-i68 
or 1-227 




Or Cp=o-258i, C„=o-i889. Katio 1-367 | 



Table V. — Dowson Gas before Combustion. 





Cubic 
feet. 


Cp« 


Ct,. 


qCy 


qCv 


Hydrogen 


•1873 

•2507 
-0031 

-0031 

-4898 

•0657 

^•1325 
2 


•2359 

•237 

•3277 
-4106 

*237 
*33o7 
•2374 
•2594 


•99 X -168 
I „ 

1*54 » 
2*03 „ 

1*55 » 
I ,, 

i*i323i» 


-0442 

•0594 

•QOIO 
•0013 
-II61 
-0217 
-2689 
•5188 


-i8s4x-i68 

•2507 » 
-0048 „ 

•0063 „ 

-4898 „ 

•1018 „ 

1*1325 n 
2*2646 „ 


J "* "■''gi'" • • 

Carbon monoxide 

Marsb-gas 

defiant gas 

Nitrogen 


Carbon dioxide... 
Air 


Products 


Total 


4-1322 


• • • 




1*0314 


4-4359X-I68 




•2496 


1*0735 X -168 
or -1803 


Katio 1*385 



Table VI. — ^Dowson Gas after Combustion. 





9- 


Cp. 


c.. 


gCp. 


qCv. 


Water-vapour ... 
Carbon-dioxide... 
Nitrogen 


0-2019 
0-3279 

1*3845 


•2984 

*3307 
•2370 


1-36 X '168 

i'55 » 


-0602 
-1084 
•3281 
•4967 


•2746 x -168 

•5083 „ 

1*3845 „ 
-21674 „ 




Total 


1*9143 


• • • 




•2594 


1-1323 X -168 

or -1902 




, Ratio 1*3637 
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great change due to combustion^ we may for many 
practical purposes assume that the specific heats 
remain the same at all temperatures. We have less 
right when using Dowson gas than when using coal-gas 
to make our assumption, which is that the fluid in the 
gas engine, from the beginning of its compression until 
it is allowed to escape, behaves like a perfect gas^ 
receiving heat from an outside source. 

Study of the Shapes of the Compression and Expan- 
sion parts of the Diagram. — The first problem which 
comes before us is the determination of the shape of 
the indicator diagram. It will be generally observed 
that, although the ignition parts of the various 
diagrams differ greatly, on account of differences in the 
amownts of gas mpplied, th» curves agree in their com- 
pression and expansion parts. If the clearance-space is 
occupied by fluid when the piston is fully at the end of 
its stroke ; and if X is the distance in feet passed 
through by the piston firom the end of its stroke, the 
stroke being 1 J foot, the clearance is 0*889 foot, and 
y-f 0*889, or I feet expresses the volume of the fluid at 
any instant. Measurements of I and p were made by 
the Professors for the particular engine under indica- 
tion by them on the expansion-curves of the indicator- 
diagrams, and tabulated with log I and log p. 

If the law of the expansion-curve be assumed 

j9i"* constant, 
we have logp+m log l^k; so that when we plot log 
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p and log I on squared paper as coordinates of points, 

these points ought to lie in a straight line if our 

assumption is correct. Taking the straight line which 

lies most evenly among them, the professors found it 

defined by 

log I = 0*313, when logp = 1*7, 
log I = 0-0425, when logp = 2-1. 
Hence 

1-7 + 0-313 m = A;, 
2-1 + 0-0425 m — k. 
Hence 

m = 1-479 and h = 2-1629. 
Now 

log 145-5 = 2-1629. 

Hence the law of expansion is 

rpivm = 145.5^ ... (1) 

In the same way the law of the compression curve 

is 

pi 1-304 = 39-36. ... (2) 

It is obvious that the expansion-curve (1) is steeper 
than the adiabatic, if we assume that the ratio of 
specific heats of the fiuid is 1-37, as the equation of 
the adiabatic curve is 

rpi 1-37 — constant. 

Again, the compression curve (2) has less slope than 
the adiabatic. 

Influence of Vibrations of the Indicator-spring. — The 
Professors point out that it is exceedingly necessary, in 
obtaining the law of expansion, to take many points in 



2i8 THEORY. 

the curve, and, either by using the alegbraic method or 
by the use of squared paper, to determine the most 
probable value of the constants. Engineers are con- 
stantly in the habit of determining these constants 
from measurements of the coordinates of two points 
only in the curve, forgetting that the position of either 
point may be much influenced by the vibrations of the 
indicator. The sinuous shape of the expansion-curve 
is specially noticeable in the early part of the expansion- 
curves of gas engine diagrams. 

The Professors also say, "It is further to be re- 
marked that the vibration of the indicator spring is 
very visible in the expansion part, because we have 
every reason to believe that the expansion part 
ought to have no sinuosities ; but it is our belief that 
this vibration has its effect on the explosion part of the 
curve as well, and that it is of the utmost importance 
to find some means of eliminating the effects produced 
by these vibrations of the indicator-spring. 

In our communication to the "Journal of the Society 
of Telegraph Engineers," p. 391, vol. v. (1876), we 
showed how to eliminate such vibrations in any case 
where the effect to be measured followed a regular law 
of increase or diminution, as in the case of the expan- 
sion part of this indicator-diagram. We have not yet 
sufficient information to enable us to employ this method 
on the explosion part. 

The rule which we arrived at is as follows :— Draw 
two curves, A and B, through the highest and lowest 
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points of the wavy cnrve which represents the actual 
observations : draw ordinates ; the points of bisection 
of the parts of the ordinates intercepted between A 
and B lie on the correct curve. 

Empirical Formula for the whole Diagram. — Now, 
inasmuch as the compression and expansion parts of 
all the curves follow the same laws, it would seem to 
be important to obtain one general formula for all the 
diagrams with one or more variable parameters. It is 
found that when we produce the expansion-curve (using 
formula 1), and when we divide the pressure QB at any 
part of the stroke by the corresponding ordinate LB of 
the expansion curve, doing this for many parts of the 
stroke, we get the ordinates of curves, which are 
nearly formed of straight lines, from the study of which 
it is found that the ignition and expansion parts of any 
diagram satisfy approximately the law 

2) = 145-5 fi-4'^{ic' -\- nk- ^/{k -nXy +3] (3) 

The smaller the value of s the more nearly do the 
curves approach straight lines. These constants are 
evidently easily calculated from any diagrams. 
The recentness of the last explosion affects the tempera- 
ture of the mixture of gas and air, and therefore the 
mass of the mixture. Hence the expansion parts of 
successive indicator-diagrams often do not coincide. 
The law 
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where k', k, and n are constants^ satisfies all the dia- 
grams. 

n is a constant whose value depends on the point in 

the stroke at which the maximum pressure occurs; 

and this^ for a given speed of engine, depends 

principally on the proportion of gas to air in the 

mixture; 
M is a constant which depends on the recentness of 

the last explosion. 
Simple FormulsB for the Ignition and Expansion Parts 
of the Diagram. — The complete formula (3) assumes 
no want of continuity in proceeding firom the ignition 
to the expansion part of the diagram. For the sake 
of ease in practical calculations we may, however, 
assume that the ignition and expansion-curves are quite 
discontinuous, employing some method of indicating 
continuity when results are plotted on squared paper. 
We assume that the lines are quite straight, so that — 

The ignition part of curve is (a + bX) kZ""*, (4) 
The expansion part of curve is kI"^. . . (5) 

To use formula (4) in any given case. Find by the 
method already given, the constants of equation (5) to 
the expansion part. Assume that the ignition is com- 
plete when X=Xi. Let the pressure at the beginning 
of the stroke be Pq ; calculate the value of kJ"** when 
X=0, that is, when Z= clearance or Iq, say ; then 

Po -T- K^o" "* is a, 
and 

a + 6Xi = 1 ; 



80 that 
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, 1 — a 
= 



a = ^i« and 6 = - 



ic'o' Xi 



The rate at which the Fluid receives Heat as calcu- 
lated from its Volume and Pressure.^We* shall now 
proceed to calculate the heat received by the fluid. 
This we shall do as if^ instead of there being combus- 
tion going on among the particles of the fluids we had the 
fluid a perfect gas receiving heat from a great number 
of little furnaces^ or pieces of hot wire immersed in 
the fluid. Besides the heat here considered^ we have 
the heat radiated to the cold cylinder. 

If A is the area of the piston in square inches, p 

the pressure of the fluid in pounds per square inch, 

and I the distance moved through by piston in feet, the 

work done by the fluid on the piston in an element of 

length dl is 

Ajp dl foot-pounds. 

It is evident that if we represent the heat which is re- 
ceived by the fluid in the length dl by 

Aq dl foot-pounds, 

we may regard q as the rate (per foot-travel of the 
piston) at which heat is received by the fluid, just in 
the same sense as p the pressure is the rate at which 



* It is to be understood that these are the words of Professors Ayrton 
ttxdPeny. 
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work is done by the fluid ; and a comparison of q and p 
shows at once the comparison between the rates at 
which heat is being received and work is being done. 

Now, since we consider the fluid to behave like a 
perfect gas, we know from thermodynamics that 

where yrrl-87 ; and it is obvious that the relation of 

J) to g is not altered in any way by altering the scale 

to which Z or p is represented in the indicator-diagram. 

As we know that the expansion part follows a law 

it is obvious that 

being proportional to the pressure. There is great im 
portance in obtaining a formula such as that given for 
the shape of the indicator-diagram. 

Total Heat and Work of One Cycle. — The integral of 
q.dl multiplied by the area A of the piston in square 
inches gives the total heat received by the fluid during 
any part of the stroke, and is evidently 

As we know that combustion, about the period of 
opening of the exhaust-valve, is just sufficient to supply 
the loss by radiation to the cylinder without having 
much effect on the volume and pressure of the fluid, we 
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can assume that any combustion after that time pro- 
duces heat which is radiated to the cylinder. We are 
told that there is no combustion in the exhaust. For 
the small amount of combustion after the exhaust-valve 
opens we do not see our way at present to the basis of 
any but the very roughest assumption, and we think 
that attention ought to be paid to this matter in future 
investigations. What complicates the question is the 
fact that the mass of the fluid which radiates heat to 
the cylinder rapidly gets less after the exhaust-valve 
opens. To obtain a first approximation, we may 
assume that the heat of combustion after the exhaust- 
valve opens is equal to the work done in the forward 
stroke after that time. 

The heat retained by the fluid is 1*94 W. 
The gases in the exhaust-pipe close to the cylinder 
are known to have a temperature not much greater 
than 400° C. Hitherto it has been customary to 
calculate the amount of heat carried off by the gases 
through the exhaust-pipe from the heat-capacity multi- 
plied by the difference of temperature from that of the 
atmosphere. It must be remembered, however, that 
the total heat of combustion of coal-gas contains the 
latent heat of the steam produced, and that the exhaust 
gases carry off this heat. Hence the amount of about 
0*95 W, deducible from the experiments of Messrs. 
Brooks and Steward, must be increased by two thirds of 
itself, giving 1*57 W as the energy carried off by the gases 
in the exhaust-pipe, where W is the work of a cycle. 
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Hence (l-94-l*57) Wi or 0-87 W, is the amount of 
energy which is lost by the fluid from the opening of 
the exhaust-valve until the fluid is passing along the 
exhaust-pipe outside the cylinder. This is largely ex- 
pended in heating the cylinder itself, in friction at 
bends in the exhaust-valve^ &c. ; so that it disappears 
as radiated heat, and as heat given to the water-jacket 
during the remaining parts of the cycle. Now, we may 
safely take it that the expenditure of gas is about 22 
cubic feet per hour per indicated horse-power ; so that, 
using the heat of combustion calculated in Table I., 
the total energy of combustion of the gas used is 5*91 W; 
and we are now in a position to make the following 
table. Of the 5 '91 W, the total energy of combustion 
of a charge, we have for a particular case, say : 

1*38 W. Work of forward working-stroke till exhaust-valve 
opens. 

o'i4 W. Work of forward working-stroke after exhaust-valve 
opens. 

2*31 W. Heat given to the cylinder during forward working- 
stroke by radiation before exhaust-valve opens. 

0*14 W. Heat of combustion after exhaust-valve opens and 
which is radiated to the cylinder. 

i'S7 W. Heat carried off by gases in exhaust-pipe. 

o*37 W. Given to the cylinder as heat after the exhaust-valve 
opens, partly by friction at the exhaust-valve, 
partly during the succeeding three-fourths or non- 
working parts of the cycle. 

It is found by experiment that the water from the 
water-jacket carries off somewhat more than 50 per 
cent, of the total heat of combustion, or 2-96 W; but 
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it is almost impossible to make this measurement accu- 
rately for one cycle. It is sometimes as much as 62 
per cent, and sometimes as little as 85 per cent. 
Again, the cylinder loses heat by radiation as well as 
by the water-jacket ; so that, even if we could assume 
that such a number as 50 per cent, is correct, we are 
still not in a position to state the total loss of heat 
from the cylinder. 

It is to be remembered that W is the indicated work. 
The useful work of a gas-engine, given out by the crank- 
shaft, is about 0*8 W, there being an expenditure of 
0*2 W in overcoming the mechanical friction of the 
engine. 

Bate at which Fluid radiates Heat to cold Cylinder. 
—It was found by the pyrometric measurements of 
Messrs. Brooks and Steward that the temperature of 
the products of combustion in the clearance-space, if 
there has been a recent explosion, is about 410® G. ; 
and for the purpose of determining the temperature of 
the fluid before compression, they take 1'4 volume of 
coal-gas and 9*25 of air at 22® C. with 7*94 volumes 
of products of past combustions at 41 0® C, from which, 
assuming that the specific heats of the constituents do 
not alter with temperature, they find that the temper- 
ature of the mixture before compression is 120® C. 
This is sufficiently correct and with the data given in 
their paper quoted p. 74, there should be no difficulty 
in the proper understanding of a gas engine indicator 
diagram. 

Q 
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of Repoussi Work" Industrial Art in Education^ or Circular 
No. 4, 1882," " Hints on Self-Education," etc. 

Mr. LsLAND was the first person to introduce Industrial Art as sl braJichif 
education in the public schools of America. The Bureau of Education at Wa^ 
ington, observing the success of his work, employed him in 1863 to write a p» 

fhlet showing how hand-work could be taken or taught in schools and &mS6 
t is usual to issue only z 3,000 of these pamphlets, but so great was the demai 
for this that in two years after its issue more than 60,000 were given to appbon^ 
This work will be found gp-eatly enlarged in " Practical Education." Owingtoi: 
thousands of schools, classes, or clubs of industrial art were established in h^ 
land, America and Austria. As at present a great demand exists for informatK^ 
as to organizing Technical Education, this forms the first part of the work. In: 
the author indicates that all the confusion and difference of opinion whichat p^ 
sent prevails as to this subject, may very easily be obviated by simply bcginnii^ 
by teaching the youngest the easiest arts of which they are capable andbf 
thence gradually leading them on to more advanced work. 

" The basis of Mr. Leland's theory," s?.ys a reviewer, "is that before learnii^ 
children should acquire the art of learninp^. It is not enough to fill the memorf. 
memory must first be created. By trainmg children to merely memorize cxt» 
ordinary power in this respect is to be attained in a few months. With ^ 
is associated exercises in quickness of perception, which are at first purely 
mechanical, and range from merely training the eye to mental arithmetic, ai^ 
problems in all branches of education. Memory and quickness of percepti« 
olend in the development of the constructive faculties or hand-work. Attentia 
or interest is the final factor in this system." 

" Mr. Lelands book will have a wide circulation. It deals 7m th the whole fs>f 
ject in such a do7vnright poetical fashion, and is so Tnuch the result of loH 
personal experience and observation^ as to render it a veritable mine ofvaXua^ 
suggestions." — British Architect. 

// has little of the dryness usually associated with such books • and *' 
teacher can read its thoughtful pages without imbibing fnany valuable'tdeas.*" 
Scottish Educational News. 

** Strongly to be recommended." — Chemical News. 

" This valuable little w^r^."- -Liverpool Daily Post. | 

^^ Many of Mr. Lelands suggestions might be carried out adzfantageousl}^ 
among the young folks in our large towns and villages." — Nqrthbrn "miiG I 

i 
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» Now publishing in parts ^ is. each, 

^ S^imx Zxtsi ant) 3)nt)u0trie&. 

A SERIES OF ILLUSTRATED AND PRACTICAL MANUALS FOR 
« SCHOOL USE AND SELF-INSTRUCTION. 

1 Edited by CHARLES G. LELAND. 

This series of manuals on " The Minor Arts and Industries '' is 
designed on the lines thus laid down. It will be found that each 
handbook presents the subject with which it deals in a thoroughly 
popular and practical manner ; that the lessons carry the student on 
«3 nis road step by step from the veriest elements to the point where the 
■i most advanced works fitly find their place in his course of study ; in 
short the greatest pains have been taken to ensure a thorough mas- 
tery of the rudiments of each subject, and to so clearly scate each 
^ lesson, illustrating it where necessary by plans and drawings, that 
m even very young children may be interested in and trained to prac- 
^ tical work. On similar gp-ounds the self-taught student will find these 

2 manuals an invaluable aid to his studies. 

2 Pari I mnu ready, Paper cover, is. or in cloth, is. 6d, 

5 DRAWING AND DESIGNING: 

i 

,i IN A SERIES OF LESSONS 

; By CHARLES G. LELAND, M.A., F.R.L.S. 

Other volumes will follow at short intervals, amongst the subjects of 
the earlier of which may be named — 



Metal Work. 
Modelling. 
Carpentering. 
Commerce, etc 



Wood Carving. 
Embroidery. 
Leather Work. 
Agriculture. 
Housekeeping. 

Also it is intended to include in time all branches of Art and Prac- 
tical Industrial Science, so that the young of both sexes may have 
practical and valuable aid in preparing for active life and remunera- 
tive work. 
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GREEK AND LATIN. 

'BibUot^eca Classtca. 

A Series of Greek and Latin Authors, with English N(^ 
edited by eminent Scholars. 8vo. 

JESCHYLUS. By F. A. Paley, M.A. &r. 
CICERO'S ORATIONS. By G. Long, MA 

4 vols. &r. each. 

DEMOSTHENES. By R. Whiston, M.A. 2 vols 

&r. each. 

EURIPIDES. By F. A. Paley, M.A. 3 vols. Ss. each. 

HERODOTUS.ByRev.J.W.Blakesley,B.D.2vols.i2J. 
HESIOD. By F. A. Paley, M.A. 5X. 

HOMER. By F.A. Paley, M.A. Vol. I.8j. Vol. II.6j. 

HORACE. By Rev. A. J. Macleane, M.A. Ss. 

JUVENAL AND PERSIUS. By Rev. A. J. 
Macleane, M.A. 6s. 

LUC AN. The Pharsalia. By C. E. Haskins, M.A., 

and W. E. Heitland, M.A. 14^. 

PLATO. By W. H. Thompson, D.D. 2 vols. 5^. each. 

SOPHOCLES. VoL I. By Rev. F. H. Blaydes, M.A. &. 

Vol. II. Philoctetes — Electra — Ajax and Tra-; 

chiniae. By F. A. Paley, M.A. 6j. 

TACITUS : The Annals. By the Rev. P. Frost. Ss. 

TERENCE. By E. St. J. Parry, M.A. 9^. ' 

VIRGIL. By J. Conington, M.A. 3 vols. los. 6d. each.' 
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({grammar ^ctiool Cla0stc0. 

A Series of Greek and Latin Authors^ with English Notes, 

Fcap, Svo, 

C^SAR: DE BELLO GALLICO. By George 

Long, M.A. 4J. 

Books I.-III. For Junior Classes. By George 

Long, M.A. IX. 6d, 

Books IV. and V. in i vol. is. 6d, 

Books VI. and VII. in i vol. is, 6d. 



CATULLUS, TIBULLUS, AND PROPER- 

TIUS. Selected Poems. With Life. By Rev. A. H. 
Wratislaw. 2s. 6d. 

CICERO: DE SENECTUTE, DE AMICITIA, 

and SELECT EPISTLES. By George Long, M.A. 3J. 

CORNELIUS NEPOS. By Rev. J. F. Mac- 

michael. 2s. 

HOMER: ILIAD. Books I. -XII. By F. A. Paley, 

M.A. 4s. dd. 

Books I.-VL, 2J. dd, ; Books VIL-XIL, 2x. td. 

HORACE. With Life. By A. J. Macleane, M.A. 

y. 6d, In 2 Parts : Odes, 2J. ; Satires and Epistles, 2s, 

JUVENAL: SIXTEEN SATIRES. By H. Prior, 

M.A. 3 J. 6d. 

MARTIAL: SELECT EPIGRAMS. With Life. 

By F. A Paley, M.A. 41. 6d, 

OVID : The FASTI. By F. A. Paley, M.A- 3J. ed. 
— ^— Books I. and II. in i vol. is. 6d. 

Books III. and IV. in i vol. is. 6d. 

Books V. and VI. in i vol. is. 6d. 

SALLUST: CATILINA and JUGURTHA. With 

Life. By G. Long, M. A. , and J. G. Frazer. 3^. 6d. Catilina« 
2s. Jugurtha, 2s. 

TACITUS: GERMANIA and AGRICOLA. By 

Rev. P. Frost. 2s. 6d. 
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VIRGIL : FUCOLICSw GEORGICSL ad 

L-IV. A^cvicec 3PM1 



.CNEia B^xto V.-HL 4*^ «i£ 



XENOPHON: I^ AXAJBASISL Wach Life. » 






A GRAMMAR-SCHOOL ATLAS OP CLAS 



-cun :nr .:&< 



THE NE\ir TESTAMENT, br GEnaek. yft 



Cftstdctiict j^ctet £r9 lum Cchsl 






X-i. :-- lit. " 
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2URIPIDES. By F. A. Paley, M.A. 3 vols., each 2s. 
Vol. I. Rhesus — Medea — Hippolytus — Alcestis — 



Heraclidae — Supplices — Troades — Index. 

Vol. II. Ion — Helena— Andromache — Electra — 

Bacchae — Hecuba — Index. 

Vol. III. Hercules Furens—Phoenissae— Orestes— 



Iphigenia in Tauris — Iphigenia in Aulide — Cyclops — Index. 

lERODOTUS. By J. G. Blakesley, B.D. 2 vols., 

each 2J-. (>d, 

iOMERI ILIAS. I.-XII. By F. A. Paley, M.A. 

IS, 6d. 

iO RATI US. By A. J. Macleane, M.A. is. 6d. 
UVENAL ET PERSIUS. By A. J. Macleane, 

M.A. is, 6d, 

^UCRETIUS. By H. A. J. Munro, M.A. 2s. 
JALLUSTI CRISPI CATILINA ET JU- 

GURTHA. By G. Long, M.A. ix. 6d. 

iOPHOCLES. By F. A. Paley, M.A. 2s. 6d. 
[•ERENTI COMCEDIiS. By W. Wagner, Ph.D. 

2S, 

rHUCYDIDES. By J. G. Donaldson, D.D. 2 vols., 

each 2x. 

^ERGILIUS. By J. Comngton, M.A. 2s. 
CENOPHONTIS EXPEDITIO CYRI. By 

J. F. Macmichael, B.A. is, 6d, 

40VUM TESTAMENTUM GRffiCE. By 

F. H. Scrivener, M.A. 4J. 6d, An edition with wide margin 
for notes, half bound, 12s, 
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Cambttoge Certs tottb JQotes. 

A Selection of the most usually read of the Greek andLa&i^ 
Authors^ Annotated for Schools. Fcap. Svo. is. U 
eachf with exceptions. 

EURIPIDES. ALCESTIS — MEDEA — HIPPO 
LYTUS— HECUBA— BACCHi€— ION (2j.)—ORESTES- 
PHOENISS/E— TROADES- HERCULES FURENS- 
ANDROMACHE — IPHIGENIA IN TAURIS— SUP 
PLICES. By F. A. Paley, M.A., LL.D. 

^SCHYLUS. PROMETHEUS VINCTUS- 
SEPTEM CONTRA THEBAS— AGAMEMNON— PERSi 
— EUMENIDES— CHCEPHORCE. By F. A. Paley, M.A., 
LL.D. 

SOPHOCLES. CEDIPUSTYRANNUS — CEDIPUS 

COLONEUS— ANTIGONE— ELECTRA—AJAX. By F. 
A. Paley, M.A., LL.D. 

THUCYDIDES. BOOK IV. By. F. A. Paley, 

M.A., LL.D. 

XENOPHON. HELLENICA. BOOK 11. By 

Rev. L. D. Dowdall, M.A. 

ANABASIS. Edited by Rev. J. F. Macmichad 

New editioHt revised by J. E. Melhuish, M.A. In 6 voU 
Book I. (with Life, Introduction, Itinerary, &c. ) ; Books IL 
and III. 2x. ; Book IV., Book V., Book VI., Book VIL 

HOMER. ILIAD. BOOK I. By F. A. Paley, 

M.A., LL.D. is, 
VI RGIL (abridged from Conington's edition). BUCO- 
LICS : GKORGICS, 2 parts : y*:NEID, 9 parts. 

TERENCE. ANDRIA— HAUTON TIMORU 

MENOS— PHORMIO— ADELPHOE. By Professor Wag- 
ner, Ph.D. 

CICERO. DE SENECTUTE— DE AMICITIA- 

EPISTOLiE SELECTiE. By G. Long, M.A. 

OVID. SELECTIONS. By A. J. Macleane, M.A. 

Others in preparation. 

Critical ano annotateD CDittonis. 

CICERO'S MINOR WORKS. De Officiis, &c. &c 

With English Notes, by W. C. Tylor, LL.D. i2mo. cloth, 
3J. 6d. 
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VIRGIL'S AENEID. With English Notes, by 

I C. Anthon, LL.D. Adapted for use in English Schools by the 

Rev. F. Metcalfe, M.A. New Edition, i2mo. *J5, 6d, 

I 

' ©reefe. 

I BEATSON'S PROGRESSIVE EXERCISES ON 
I THE COMPOSITION OF GREEK IAMBIC VERSE. 

I i2mo. cloth, y, 

DA^VSON'S GREEK-ENGLISH LEXICON TO 

THE NEW TESTAMENT. Ntiv Edition, by Dr. Tylor. 
8vo. cloth, 9 J. 

NOVUM TESTAMENTUM GR-ffiCE, Textus 

Stephanici, 1550. Accedunt varise Lectiones editionum Bezae, 
Elzeviri, Lachmanni, Tischendorfii, Tregellesii, curante 
F. H. Scrivener, M.A. 4r. 6d, An Edition with wide margin 
for MS. Notes, 4to. half-bound morocco, 12s. 

' Textiis Stephanici, a.d. 1550, Cum variis Lec- 

tionibus Editionum Bezse, Elzeviri, Lachmanni, Tischendorfii, 
Tregellesii, Westcott-Hortii, Versionis Anglicanse Emendato- 
rum, Curante F. H. A. Scrivener, A.M., D.C.L., LL.D., 
Accedunt Parallela S. Scripturse Loca. Small post 8vo. cloth, 
pp. xvi.-598, 7j. 6d. 

Editio Major containing; in addition to the matter in the 
other Edition, the Capitula {majora et minora) and the Eusebian 
Canons, the various Readings of Westcott and Hort, and those 
adopted by the Revisers ; also a revised and much-enlarged series 
of References, 

' VALPY'S. For the use of Schools. i2mo. 



cloth, 5^. 

Edited by Rev. Macmichael. See Grammar 



School Classics, 



^tuDent0' ^Ditiong of tbe <£>O0peli9! anti 

tiie 9ct$. 

Crown $vo, cloth, 

THE GOSPEL OF S- MATTHE^V. The 

Greek Text, with Critical, Grammatical, and Explanatory 
Notes, &c, by the late Rev. W. TroUope, M.A., re-edited by 
the Rev. W. H. Rowlandson, M.A. 5^. 



A 2 
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GOSPEL OF S. MARK. The Greek Text, 

Critical, Grammatical, and Explanatorj Notes, Prolegooal 
&c., I>y Kev. \V. H. Rowlandion, M.A. 4^. 6<^. 

GOSPEL OF S. LUKE. The Greek Text,ic| 

Critical, Grammatical, and Explanatory Notes, &c., bj dielc| 
Kev. W. TruUope, M.A., revised and re-edited bytbeB^| 
W. H. Kowlandson, M.A. 51. I 

ACTS OF THE APOSTLES. The Greek Ttf 

with Critical, Grammatical, and Explanatory Notes, and EhbI 
nation (^hiestioiis, by Rev. \V. Trollope, M.A., re«editeds| 
revised by the Rev. G. F. Browne, M.A. 5^. 



lLatJn« 

BEDFORD'S PROPRIA QUiE MARIBUS; * 

Short Rules for the Genders of Latin Nouns, and a Ltft 
Prosody. 1 2 mo. \s, 

BOSSUTS LATIN WORD BOOK ; or. First Step 

to the Latin Language. l8mo. ix. 



LATIN PHRASE BOOK. i8mo. u. 



FLORILEGIUM POETICUM. A Selection oi 

Elegiac Extracts from Ovid and Tibullus. A<nv edition gita^^ 
enlarged with English Notes. By the Rev. P. FrosL M.it 
Fcap. Svo. 2s. \ 



GRADUS AD PARN ASSUM ; sive novus sinony 

morum, epithetorum, versuum, ac phrasium poeticaim 
thesaurus. Nac edition. By G. Pyper. i2mo. doth, 71. 

BY VALPY. Whittaker's Improved editioa! 

Latin and English. Xew edition. Royal l2mo. 7^. 6*/. 

PENROSE'S (REV. JOHN) Easy Exercises U 

Litin Elegiac Verse. New edition, i2mo. cloth, 2j. 

Key to ditto, for Tutors only, ^s. 6//. 

STODDART'S NEW DELECTUS ; or. Easy Steps 

to Latin Construing. For the use of Pupils commencing the 
Language. Adapted to the best Latin Grammars, with 1 
Dictionary attached. Xew edition, l2mo. ^j. 
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atlases. 

.ONG'S ATLAS OF CLASSICAL GEOGRAPHY. 

Containing Twenty -four Maps. Constructed by William 
Hughes, F.R.G.S., and Edited by George Long, M.A. New 
edition, with Coloured Outlines, and an Index of Places. 
Royal 8vo. 6s. 

.ONG'S GRAMMAR SCHOOL ATLAS OF CLAS- 
SICAL GEOGRAPHY. Containing Ten Maps, selected from 
the larger Atlas. Constructed by W. Hughes, F.R.G.S., and 
edited by George Long, M.A. New editiottj with Coloured 
Outlines. Royjd 8vo. 3^. 

(JEngltsIb Language atiD a^iscenaneous. 
lllen and cornwell's school 

GRAMMAR. Cloth, is. ^d. 

GRAMMAR FOR BEGINNERS. Cloth, is. 

JELL'S MODERN READER AND SPEAKER. A 

Selection of Poetry and Prose, from the Writings of Eminent 
Authors. i2mo. 3^. 6d, 

>UNCAN'S ENGLISH EXPOSITOR; or, Explana- 
tory Spelling-book. Containing an Alphabetical Collection of 
all the most useful, proper, and elegant words in the English 
language, divided into Syllables, and properly accented. New 
aiition. i2mo. is, 6d, 

^ATHAM'S (R. G.) DICTIONARY OF THE 

ENGLISH LANGUAGE. Abridged and condensed into one 
volume 8vo. cloth, i^r. 

f ACKAY (C.) A DICTIONARY OF LOWLAND 

SCOTCH. By Charles Mackay, LL.D. With an Introduc- 
tory Chapter on the Poetry, Humour, and Literary History of 
the Scottish Language, and an Appendix of Scottish Proverbs. 
Large post 8vo. cloth, Js. 6d. half bound, 8^. 6d. 

A handy and original Vocabulary of the Scottish Language. 
All words are fully explained, and their various uses and signifi- 
cance are illustrateil by ample citations from old ballads, legends 
and classic authors, from Allan Ramsay to Bums and Scott. 

SELECTED POEMS AND SONGS OF 

CHARLES MACKAY, LL.D. With a Commendatory and 
Critical Introduction by Eminent Writers. Wide foolscap 8vo. 
half cloth boards, is. 6d, Sewed, is. 
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WEBSTER'S DICTIONARY OF THE ENGLBI 

LANGUAGE. Including Scientific. Technical, and B3iia 
Words and Terms. Niw edUUm^ with Supplement of or 
4,600 New Words and Meanings. 4ta doth, i/. i/. ; hstfdi 
I/. lar. 



With Appendices. Neio edition. 4ta dodi 



£\ 1 IX. 6^. ; half-calf, 2/. 



SHAKESPEARE'S PLAYS, with Text and Intnv 

duct ion in English and German. Edited by C. Sacfas» Pni 
Ph. D. 8va doth, each Play or Number, xoeL 

New Ready : 

1. Julius Caesar. | 10. King Richard II. 

2. Romeo and Juliet. \ 1 1. King Henry IV. I. 



3. King Henry VII I 

4. King Lear 

5. Othella 

6. Hamlet. 

7. A Midsummer Night's 

Dream. 

8. Macbeth. 

9. King John. 



12. „ „ IL 

13. King Henry V. 

14. King Richard IIL 

15. Cymbeline. 

16. Coriolanus. 

17. Antony and Cleopatnu 

18. Merchant of Venice. 

19. Much Ado about NothiDg. 



Others to follow, 

"This edition will be quite a godsend to grown-up students of eide 
language, for the ordinary class reading books are too childish to ants 
their attention. The parallel paging saves the labour of using a dictioanT 
and the series is so low in price as to place it within the reach of all" 

Saturday Remn- 

SHAKESPEARE REPRINTS, i. King Lear 

Parallel Texts of Quarto I and Folio i. Edited by Dr. V 
Victor, of Marburg. Square i6mo. cloth, 3J. daf. 

The texts of the first quarto and folio , with collations from /« 
later quartos and folios ^ are here printed in a compact and m 
venient volume, intended as a class-book in the University, 



dSPt0ceIIaneou0 CDucattonal "Books. 

BIBLICXjRAPHY of education. Hints 

toward a Select and Descriptive Bibliography of Educatiot 
Arranged by Topics, and Indexed by Authors. By G. Stanley 
Hall, Professor, John Hopkins University, and John M- 
Mansfield. Post Svo. cloth, pp. xvi.-309, yj. 6</, 
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tHEPMELL'S (REV. DR.) SHORT COURSE 

OF GRECIAN, ROMAN, AND ENGLISH HISTORY. 
New edition, i2mo. 5^. Questions on, i2mo. is. 

tOLTON (B. PO ELEMENTARY COURSE OF 

PRACTICAL ZOOLOGY. By B. P. Colton, A.M. , Instructor 
in Biology, Ottawa High School. Crown 8vo. cloth, pp. xiv.- 
182, 4r. 6^. 

^ORN^VELL'S SCHOOL GEOGRAPHY. 35. 6^. 

With Thirty Maps on Steel, 5j. 6^. 

GEOGRAPHY FOR BEGINNERS. \s. 

With Questions, \s. ^d, 

)URHAM UNIVERSITY CALENDAR, with 

Almanack. Cloth, is, 6d, [Published annually, 

OYCE (P. ^V.) A HANDBOOK OF SCHOOL 

MANAGEMENT AND METHODS OF TEACHING. 
By P. W. Joyce, LL.D., &c. i Uh edition, revised. Cloth, y, 6d, 

MATURE READERS. Seaside and Wayside. 

No. I. By Julia McNair Wright. Cloth, I j. 6</. [fust published. 
The first of a Series of Primary Readers for young children. 
It treats of crabs, wasps, spiders, bees, and some univalve 
molluscs. 

>IN NOCK'S HISTORY OF ENGLAND. From 

the Invasion of Julius Caesar. With a Biographical and His- 
torical Dictionary. Questions for Examination, Genealogical 
Tables, Progress of Literature and the Constitution, &c Illus- 
ted. Continued by the Rev. W. H. Pinnock, LL.D. New 
edition, i2mo. 6;. 



HISTORY OF GREECE. With an Introduc- 
tion on the Natural and Political Geography of Greece, Dic- 
tionary of Difficult Terms, Questions for Examination, Genea- 
logicsd Tables, &c. Illustrated. By Dr. W. C. Taylor. New 
edition, i2mo. 5^. 6^. 



HISTORY OF ROME. With an Introduc 

tion, the Geography of the Roman Empire, Notices of the 
Roman Manners, and Illustrations, Questions for Examination, 
Chronolop;ical Index, &c Illustrated. By Dr. W. C Taylor. 
New edition, i2mo. $s, 6d, 
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PINNOCK'S CATECHISMS OF THE ARTS, 

SCIENCES, AND LITERATURE Whittakcr's Improved 
Editions. Illustrated with Maps, Plates, and Woodcuts, care- 
fully re-edited i8mo. price Qd''. each« 

HISTORY.— Modem— Ancient— Universal — Bible and Gos- 
pel — Scripture— Chronology— England — Scotland — France- 
America — Rome — Greece — Jews. 

GEOGRAPHY.— Ancient— Modem, Improved Editioih- 
Modem« Original Edition — Sacred — England and Wales— Use 
of the Globes. 

GRAMMAR — English — French— German — Italian Latin 

— Spanish — Greek: Part I. Accidence. Part II. Syntax and 
Prosody — Hebrew. 

MATHEMATICS, &c.— Algebra (two Parts) — Arithmetic 
— Geometry — Navigation — Land Surveying 

RELIGION.— Religion— Natural Theology — Scripture His- 
tory — Bible and Gospel History. 

FINE ARTS, &c. — Architecture — Drawing — Perspective- 
Music — Singing. 

LITERATURE.— Mythology— Rhetoric — Logic— British 
Biography — Classical Biography. 

MISCELLANEOUS.— First Catechism — General Know- 
ledge — Intellectual Philosophy — Agriculture — English Law- 
Heraldry — Medicine — Moral and Social Duties Trade and 

Commerce. 

SCHLEYER'S GRAMMAR, with Vocabularies of 

Volapuk (the Language of the World), for all Speakers of the 
English Language. Second (greatly Revised) Edition. By 
W. A. Seret, Certificated Teacher of the Universal Language. 
Crown 8vo. pp. 420, sewed, 5j. dd. ; cloth, 6j. td. 

SHUMWAY(E.S.) A DAY IN ANCIENT ROME. 

With numerous Illustrations. By Edgar S. Shumway Pro- 
fessor, Rutger's College, New Brunswick. Small 4to. cloth, 5J. 

WATTON'S ORIGINAL AIDS TO EDUCATION.; 

Hand-series of Tablets, in Stiff Covers, 3^. each. \ 

Leading Events of General His- Chief Events of New Testament 1 

tory. History. \ 

Chief Events of Old Testament Prophecies and other Scripture ! 

History. Subjects. 
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Chief Events of Grecian History. 
Chief Events of Roman History. 
Chief Events of Eastern Empire. 
Chief Events of German History. 
Chief Events of English History. 
Chief English Battles and Results. 
Chief Events of Scottish History. 
Chief Events of French History. 
Chief Events of Prussian History. 
Chief Events of Russian History. 
Eminent Men of Modem Times. 
Chief Events of Church History. 
Natural System of Botany. 



The Linnaean System of Botany. 

Natural History — Zoology. 

Natural Philosophy. 

Principles of Grammatical Analy- 
sis, with Examples. 

Guide to English Parsing, with 
Examples. 

Abstract of Heathen Mythology. 

Word Formation — Saxon, La- 
tin, and Greek Prefixes, with 
Examples. 

Chief Grecianand Roman Battles 
and Results. 



LARGE TYPE SERIES OF TABLETS 

(20 by 23 inches), embracing Historical, Geographical, and other 
Subjects, 4//. each, for suspension. 

WATTON'S SKELETON EXERCISE BOOKS. 

For History, Geography, Biography, Analysis, Parsing, and 

Chronology, with Script Headings and Specimen Page. Price 

regulated by the thickness of the books, u. and 2s, each. 

Also now ready, a filled Biographical Exercise Book, 2 Series, each ix. 

Charts systematically arranged with date words, 60 pages, 

cloth, IJ. Selected Descriptive Poetry, u. 

Object Lessons, Nos. i, 2, 3, and 4, 32 p., in stiff covers, zd, each. 



^cliool ann (Unttietsitp 3nalp0e0. 

By the Rev. Dr. Pinnock. 

AN ANALYSIS OF SCRIPTURE HIS- 
TORY ; Intended for Readers of Old Testament History, and 
the University Examinations ; with Maps, Copious Index, and 
Examination Questions. i8mo. cloth, 3^. dd, 

AN ANALYSIS OF NEW TESTAMENT 

HISTORY; Embracing the Criticism and Interpretation of 
the original Text; with Questions for Examination. i8mo. 
cloth, 4J. 

AN ANALYSIS OF ECCLESIASTICAL 

HISTORY; From the Birth of Christ, to the Council of 
Nice, A.D. 325. With Examination Questions. i8mo. cloth, 
3J. dd. 
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ANALYSIS OF ENGLISH CHURCH HIS- 
TORY ; comprising the Refonnation period, and sabseqnot 
events ; with Questions of Examination, especially intended for 
the Universities and Divinity Students in generai. i8ma doth, 

A SHORT ANALYSIS OF OLD TESTA- 

MENT HISTORY. With QuesUoos for Schools. i8m 
cloth, ij. td, 

A SHORT ANALYSIS OF NEW TESTA- 

MENT HISTORY. With Questions for Schools. iSma 
doth, IS. 6d. 

2ititbmttit. 

PINNOCK'S ARITHMETICAL TABLES OF 

MONEY, WEIGHTS, AND MEASURES. With Questions 
for Examination, and Explanatory Notes, &c i8mo. 5^ 

FIRST CIPHERING BOOK. Containing 

Easy Exercises in the First Rules of Arithmetic 4to. sewed, is. 

RYAN'S CIVIL SERVICE ARITHMETICAL 

EXAMINATION PAPERS. By L. J. Ryan. Cloth, 2s. 

Key to Ditto, u. 6d. 

SONNENSCHEIN AND NESBITTS 

ARITHMETIC. The Science and Art of Arithmetic for the 
use of Schools. Post 8vo. $s. 6d. Or separately. Part I.— 
Integral. 2s. 6d, Parts II. and III. — Fractional and Approxi- 
mate Calculations, jj. 6d. Answers to the Exercises, u. dd. 
Exercises separately. Part I. is. Parts II. and III. 1/ w 

A B C OF ARITHMETIC. Teacher's Book, 

Nos. I and 2, each is. Exercise Book, Nos. i and 2, each Ad. 

WALKINGAME'S TUTOR ASSISTANT 

(ERASER'S). Being a Compendium of Arithmetic and a 
Complete Question Book. i2mo. 2s. Key, 3J. 



EUCLID, THE FIRST BOOK OF. With an In- 

troduction and Collection of Problems for the use of Schools 
By J, M. Wilson, M.A. 2nd edition. 4to. 2s, 
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EUCLID, THE FIRST SIX BOOKS, together with 

the ELEVENTH and TWELFTH. From the Text of Dr. 
Simson. New edition, revised and corrected by S. Maynard. 
l8mo. 4r. 



MODERN LANGUAGES. 

iFrcncb. 

BARRERE (A.) PROFESSOR, R.M.A. Woolwich. 

PRECIS OF COMPARATIVE FRENCH GRAMMAR 
AND IDIOMS, and Guide to Examinations. Cloth. Second 
edition, revised, y, 6d, 

JUNIOR GRADUATED FRENCH COURSE 

affording materials for Translation, Grammar, and Conversa- 
tion. Being an introduction to the Graduated French Course. 
Cloth, IS, 6d, 

ELEMENTS OF FRENCH GRAMMAR 

AND FIRST STEPS IN IDIOMS. With numerous 
Exercises and a Vocabulary, being an Introduction to the 
Precis of Comparative French Grammar. Crown 8vo. cloth, 2s. 

BELLE NGER'S MODERN FRENCH CONVER- 
SATION. Containing Elementary Phrases and New Easy 
Dialogues, in French and English, on the most familiar sub- 
jects. i2mo. 2s. 6d, 

BOSSUT'S FRENCH WORD BOOK. i8mo. is, 

FRENCH PHRASE BOOK. i8mo. is, 

BOWER. PUBLIC EXAMINATION FRENCH 

READER. See Examination Series, 

DELILLE'S FRENCH GRAMMAR. In Two 

Parts. I.— Accidence. II. — Syntax, written in French, with 
Exercises conducive to the speaJcing of the French Language, 
&c. i2mo. 5j. 6d, Key, 3^. 

EASY FRENCH POETRY FOR BEGIN- 
NERS ; or, Short Selections in Verse on a Graduated Plan for 
the Memory. With English Notes. i2mo. 2s, 



l8 WkiiiaJUr mmd CcJs List cf 



DELILLE'S MODELES DE POESIE FRAXCAIS. 

W::h Treame on French Vcni£ca£ioB. X^m tdUmtL, xtm. 

REPERTOIRE DES PROSATEURS FRAN 



CAI>. With B«0{nphkai Skctciws. &c. Aat iJS&m. 



MANUEL ETVMOLOGIQUE ; or, an Inter. 

pret2Z:ve ladez of the moct l e cim e u t Woids in tlie FRDch 
I argnage. iTino. 2x. 6^ 



BEGINNER'S OWN FRENCH BOOL 

Being a Practical and Easj Mctliod of Learain^ the Fl^^^ts 
of the Frexkch Language. i2moL cloch, 21: Kej, 2f. 

DES CARRIERE'S FRENCH IDIOMATICU 

PHRASES AND FAMIUAR DIALOGUES. Sanait. 

HISTOIRE DE FRANCE, DEPUIS 

UETABLISSEMENT DE LA MONARCHIE. Continuce 
jusqu'an retablLssement de I'Empire sous Napoleoii IIL, ptr 
C. J. Delille. i2mo. ^s, 

DUVERGER'S COMPARISON BETWEEN THE 

IDIOMS, GENIUS, AND PHRASEOLOGY OF THE 
FRENCH AND ENGLISH LANGUAGES. J\r,rw edUm. 
i2Tno. 4J. dd. 

GASC (F. E. A.) AN IMPROVED MODERN 

POCKET DICTIONARY OF THE FRENCH AND 
ENGLISH LANGUAGES. New edition, l6ino. cloth, 
2s. 6d. Also in 2 vols, in neat leatherette, 5x. 

MODERN FRENCH-ENGLISH AND ENG- 
LISH-FRENCH DICTIONARY. New edition, revised. 

In I vol. 8vo. lOf. dd. 

HAMEL'S NEW UNIVERSAL FRENCH GRAM- 

MAR. Nrjj Edition. i2mo. 4r. 

GRAMMATICAL EXERCISES UPON THE 

FRENCH LANGUAGE. Nezv edition, i2mo. 4^. Key, y. 

FRENCH GRAMMAR AND EXERCISES. 



New edition. i2mo. ^s. 6d. Key, 4r. 

LEVIZAC'S DICTIONARY OF THE FRENCH 

AND ENGLISH LANGUAGES. Nr.u edition, by N. Lam- 
bert. i2mo. 6s. 6d. 
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NUGENT'S POCKET DICTIONARY OF THE 

FRENCH AND ENGLISH LANGUAGES. New edition, 
revised by J. C. J. Tarver. Pearl edition, 4s. 6d. 

OLLENDORFS (Dr. H. G.) NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK 
A LANGUAGE IN SIX MONTHS. Adapted to the 
French. New edition, i2mo. dr. 6d. Key, 8vo. 7/. 

PRACTICAL COMMERCIAL CORRESPON- 
DENCE. See Miscellaneous. 



^Wtokzfsi Craminatton Series. 

THE PUBLIC EXAMINATION FRENCH 

READER. With a Vocabulary to every extract, suitable for 

all Students who are preparing for a French Examination. By 

A. M. Bower, F.R.G.S., late Master in University College 

School, &c Cloth, jj. 6d. 

" The book is a very ptactical and useful one, and it must prove very handy 
for students who are preparing for a French examination, the persons for whose 
special aid it has been specially provided. ' » • • , ■ , , ^ 

in schools as a class book."— Schoolmaster. 



WiUtttiktffi jTrenct) Series. 

For the use of Schools and Private Students. Edited by 
A. Barr^re, Prof. R.M.A. Woolwich, &c., and others. Each 
number with a literary Introduction and Arguments in English, 
foot-notes explaining the more difficult passages, and translations 
of the idiomatic expressions into the corresponding English idioms. 

Fcap. 8vo., each number, sewed, 6d. ; cloth, 9^/. 

Now Ready : — 

1. SCRIBE. LE VERRE D'EAU. Barr^e. 

2. MOLIERE. LE BOURGEOIS GENTILHOMME. Gasc. 

3. MOLIERE. UAVARE. Gasc. 

4. SOUVESTRE. SOUS LA TONNELLE. Desages. 

5. MOLIERE. LE MISANTHROPE. Gasc. 

6. GALLAND. ALI BABA. Clare. 
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7. CORNEILLE. LE CID. Gaac 

8, 9. LAMARTINE. JEANNE D'ARC. Barr^re. 
10, II. PIRON. LA METROMANIE. Delbos. 

Othtrs tofollcw. 



SiQbittafter'is iFrencb Classics* lott^ 

Cnglisb Botes. 

Fcap. Svo, cloth, 
AVENTURES DE TELEMAQUE. Par F^n6- 

lon. New edition. E^ted and revised by C J. Delille. 2x. 6i. 

HISTOIRE DE CHARLES XII. Par Voltaire. 

New edition. Edited and revised by L. Diiey. ix. ^eU 

PICCIOLA. Par X. B. Saintine. New edition. Edited 
and revised by Dr. Dubuc. \s, 6d, 

SELECT FABLES OF LA FONTAINE. New 

edition. Edited by F. Gasc, M.A. is. 6d, 



^bittakzfs %tmfi of agoDern jTrencl) 

9utlbor0. 

IV/TIf INTRODUCTION AND NOTES. 

For Beginners, 

LA BELLE NIVERNAISE. Histoire d'un vieux 

bateau et de son equipage. By Alphonse Daudet. With 6 
illustrations. Edited by James Boielle, Senior French Master 
at Dulwich College. 2J. (id. [Ready. 

For Advanced Students. 

BUG JARGAL. By Victor Hugo. Edited by 

James Boielle, Senior French Master at Dulwich College, y. 

Others to follow, [Ready. 
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German. 

FLU GEL'S COMPLETE DICTIONARY OF THE 
GERMAN AND ENGLISH LANGUAGES. Comprising: 
the German and English, and English and German. Adapted 
to the English Student, with great Additions and Improvements. 
By C. A. Feiling, A Heimann, and J. Oxenford. New etHHotu 
2 vols. 8vo. l/. IX. 

ABRIDGED GERMAN AND ENGLISH, 

AND ENGLISH AND GERMAN DICTIONARY. 
Carefully compiled from the London Edition of FlUgers larger 
Dictionary. By C. A. Feiling and J. Oxenford. New edition. 
Royal i8mo. dr. 

GREN FELL'S ELEMENTARY GERMAN EX^ 

ERCISES. Part I. Adapted to the Rugby School German 
Accidence. i2mo. u. 6^. 

OLLENDORFF'S (Dr. H. S.). NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the German. 
New edition. Crown 8vo. *js. Key, 8vo. 7^. 

WHITTAKER'S COURSE OF MODERN 

GERMAN. By F. Lange, Ph.D., Professor, R.M.A. Wool- 
wich, Examiner in German to the College of Preceptors, London ;: 
Examiner in German at the Victoria University, Manchester, 
and J. F. Davis, M.A., D.Lit. Extra fcap. 8vo. cloth. 

A CONCISE GERMAN GRAMMAR. With especial refe- 
rence to Phonology, Comparative Philology, English and Ger- 
man Correspondences, and Idioms. By Frz. Lange, Ph.D., 
Professor at the Royal Military Academy, Woolwich. In three 
Parts. Part I., Elementary, 2s, Part II., Intermediate, zr. 
Part III. in the press. 

ELEMENTARY GERMAN READER. A Graduated Col- 
lection of Readings in Prose and Poetry. With English Notes 
and a Vocabulary. By F. Lange, Ph.D. \s, 6d, 

ADVANCED GERMAN READER. A Graduated CoUection 
of Readings in Prose and Poetry. With English Notes and a 
Vocabulary. By F. Lange, Ph.D. and J. F. Davis, M.A.^ 
D. Lit. [Nearly ready. 

PROGRESSIVE. GERMAN EXAMINATION 

COURSE. In Three ParU. By F. Lange, Ph.D., Prof. 

R.M.A, Woolwich, Examiner in German to the College of 

Preceptors. 

Comprising the Elements of German Grammar, an Historical 
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Sketch of the Teutonic Languages, English and Gernaan Corre- 
spondences, Materials for Translation, Dictation, Extempore, 
Conversation and complete Vocabulsuries. 

1. ELEMENTARY COURSE. Cloth, 2c. 

2. INTERMEDIATE COURSE. Cloth, 2j. 

3. ADVANCED COURSE. Second revised edition. Cloth, 
IJ. (id, 

*' We cordially commend it as a useful help to examiners, who wUl find it well 
adapted to their needs."— /'fVir/iVa/ Teacher, 

In Preparation, 

GERMAN CONVERSATIONAL DICTION- 
ARY. A Guide to Modern German Conversation. For the 
Every-day Purposes of Travellers and Students. By G. May 
and J. F. Davis, M.A., D.Lit. 



CObitta&er's (i^erman Classics, ^\t^ 

Cngltsb litotes. 

Fcap, Svo, cloth, 
GERMAN BALLADS. From Uhland, Goethe, 

and Schiller. With Introductions to each Poem, copious 
Explanatory Notes, and Biographical Notices. By C. BielefeM. 
\s, 6d, 

GOETHE'S HERMANN AND DOROTHEA. 

With Short Introduction, Argument, and Notes Critical and 
Explanatory. By Ernest Bell and E. Wolfel. is, (id, 

SCHILLER'S MAID OF ORLEANS. With Intro- 

duction and Notes. By Dr. Wagner, is, 6</. 

MARIA STUART. With Introduction and 



Notes. By V. Kastner, M.A. is, 6d. 
— - WALLENSTEIN. Complete Text. JVcw 

edition. With Notes, Arguments, and an Historical and 
Critical Introduction. By C. A. Buchheim, Professor Ph D 
Ss. Or separately— Part I.— THE LAGER AND DIE PIc' 
COLOMINI. 2s. 6d, Part II.— WALLENSTEIN'S TOD. 
2s. 6d. 
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saibtttaker^jB %zm% of 6i^oDern (i^erman 

9utt)or0« . 

With Introduction and Notes, Edited by F, Lange, Ph.D., 
Professor, Royal Military Academy, Woolwich. 

The attention of the heads of Colleges and Schools is respectfully 
directed to this new Series of "Modern German Authors^' 
which is intended to supply the much-felt want of suitable Reading 
Books for English Students of German who have passed through 
the preliminary stages of fables and anecdotes. 

To those who wish to extend their linguistic and grammatical 
knowledge, these volumes will afford, in one respect, a great 
advantage over those of an earlier period, presenting, as they do, 
the compositions of the best living, or only recently deceased 
authors. The Notes, besides etymological and other explanations, 
will contain many useful idiomatic expressions suggested by the text, 
and worth committing to memory. 

FIRST SERIES, 

For Beginners. Edited, with a Grammatical Introduction, 
Notes, and a Vocabulary, by F. Lange, Ph. D. , Professor, R. M. A. 
Woolwich, Examiner in German to the College of Preceptors, 
and H. Hager, Ph.D., Examiner in German to the London 
University. 

KEY'S FABELN FUR KINDER. Illustrated by O. Speckter. 

Edited, with an Introduction, Grammatical Summary, Words, 

and a complete Vocabulary. By F. Lange, Ph.D., Professor. 

IS, 6d. 
The Same, with a Phonetic Introduction, Phonetic Transcription of 

the Text. By F. Lange, Professor, Ph.D. 2s. 

SECOND SERIES, 

For Intermediate Students. Edited, with a Biogra- 
phical Introduction, Notes, and a complete vocabulary, by F. 
Lange, Ph.D., Professor, and H. Hager, Ph.D. 

DOKTOR WESPE. Lustspiel in fiinf Aufziigen von JULIUS 
RODERICK BENEDIX. Edited by F. Lange, Ph.D., 
Professor. 2s, 6d, 

SCKILLER'S JUGENDJAKRE. Erzahlung von FRZ. KOFF- 
MANN. Edited by H. Kager, Ph.D., Professor. [In press. 
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Jtalian. 



BARETTI S DICnOXARY OF THE ENGLISH 

ANO ITALIAN LANGUAGES. To whicA is prefixed aa ! 
ItaliAh iifid Knglifch Grammar. A>sp Editi^n^ entirelr re- " 
wntt^rt, hy G. Comelati and J. Davenport. 2 vols. S^ ' 
1/, I J, 
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GRAGLIA'S NEW POCKET DICTIONARY OF 

THE ITALIAN AND ENGLISH LANGUAGES. With 
considerable Additions, and a Compendious Elementary Italian 
Grammar. i8mo. 4^. (xl, 

OLLENDORFF (DR. H. G.) NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Italian. 
New Edition, Crown 8vo. ']s. Key, 8vo. yj. 

SOAVE'S NOVELLE MORALI. New Edition, 

l2mo. 4J. 

VENERONI'S COMPLETE ITALIAN GRAM- 
MAR. By P. Rosteri. i2mo. ds, 

VERGANI AND PIRANESI'S ITALIAN AND 

ENGLISH GRAMMAR. With Exercises, &c. By J. 
Guichet. New editioriy by Signor A. TommasL i2mo. 5j. 
Key, 3J. 



DOLBESHOFF (E.) A DICTIONARY OF THE 

RUSSIAN AND ENGLISH LANGUAGES. In two 
volumes. Vol. I. Russian-English. Vol. II. English-Russian. 
Compiled by E. Dolbeshoff in co-operation with C. E. Turner, 
Professor of English Language and Literature at the University, 
St. Petersburg. [Preparing, 



^panisf). 



NEUMAN AND BARETTPS SPANISH AND 

ENGLISH, AND ENGLISH AND SPANISH DIG- 
TIONARY. Revised and enlarged by M. Seoane, M.D. 
2 vols. 8vo. i/. 8 J. 



POCKET DICTIONARY. Spanish and Eng- 
lish, and English and Spanish. Compiled from the larger 
work. i8mo. 5^. 
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OLLENDORFF S(DR. H. G.) NEW METHOD 

OF LEARNING TO READ. WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Spanish. 
New edition, 8vo. I2r. Key, 8vo. ^s. 

ENGLISH -SPANISH TECHNOLOGICAL 



DICTIONARY. 8vo. i/. i6x. See page ^g. 

Ipractical ai^ercantile CorresponDence. 

A Collection of Commercial Letters and Forms, with Notes, 
Explanatory and Grammatical, and a Vocabulary of Commercial 
Terms, edited by L. Simon, Chr. Vogel, Ph.D., H. P. Skclton, 
W. C. Wrankmore, Leland Mason, and others. Intended as Class 
Books for Schools and for Self-Instruction. 

Now Ready f crown 8zv., cloth : 

ENGLISH, with German Notes, 3j. 
GERMAN, with English Notes, 3j. 
ENGLISH, with French Notes, 4J. 6d, 
FRENCH, with English Notes, 4J. td. 

This new Collection of Model Letters and Epistolary Fonns 
embraces the whole sphere of Commercial Transactions. &ch 
example is provided with such remarks and explanations, that any 
one with a fair grammatical knowledge of the particular language 
will find it an easy matter to prepare a well-expressed letter. 

A New Series of Handbooks for Students and PracUd 
Engineers. Crown Svo. With many J //us t rations. 

GAS ENGINES. Their Theory and Management 

By William Macgregor. With 7 Plates. Crown Svo. dd 24?, 
8j. 6d, *^^ 

BALLOONING: A Concise Sketch of its History and 

Principles. From the best sources, Continental and EnglisiL 
By G. May. With Illustrations. Crown Svo. pp. vi.-97, 
2J. 6d. 

ELECTRIC TRANSMISSION OF ENERGY, 

and its Transformation, Subdivision, and Distribution. A * 
Practical Handbook by Gisbert Kapp, C. E., Associate Member ; 
of the Institution of Civil Engineers, &c. With 119 Illustri'l 
tions. Crown Svo. pp. xi.-33i. js. 6d, 
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ARC AND GLOW LAMPS. A Practical Hand- 

book on Electric Lighting. By Julius Maier, Ph.D., Assoc. 
Soc Tel. Eng., &c. With 78 Illustrations. Crown 8vo. pp, 
viii.-376. yj. do?. 

ON THE CONVERSION OF HEAT INTO 

WORK. A Practical Handbook on Heat-Engines. By 
William Anderson, M. Inst. C.E. With 64 Illustrations. 
Pp. viii.-254. Cr. 8vo. dr. 

SEWAGE TREATMENT, PURIFICATION 

AND UTILISATION ; A Practical Manual for the Use of 
Corporations, Local Boards, Officers of Health, Inspectors of 
Nuisances, Chemists, Manufacturers, Riparian Owners, Engi- 
neers and Ratepayers. By J. W. Slater, F.E.S., Editor of 
"Journal of Science." Crown 8vo. cloth, price 6j. 

THE TELEPHONE. By W. H. Preece, F.R.S., 

and J. Maier, Ph.D. With numerous illustrations. Cr. 8vo. 
\2s, 6d. 

MANURES, OR THE PHILOSOPHY OF 

MANURING. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S., 
Principal and Lecturer on Chemistry in the School of Science, 
Lincoln, &c., &c. Cr. 8vo. 'js, 6d, 

In preparation, 

GALVANIC BATTERIES. By Professor George Forbes, 
M.A. 

INDUCTION COILS. By Professor A. J. Fleming, M.A., 
D.Sc. 

HYDRAULIC MOTORS. By George R. Bodmer, Assoc. 
M . I nst. C . E. [Immediately, 

THE DYNAMO. By Guy C. Fricker. 

ALTERNATING CURRENTS OF ELECTRICITY. 

^ By Thomas H. Blakesley, M.A., M.Inst. C.E. [Immediately, 

K Others to follow, 

A 

NIPHER (F. E.) THEORY OF MAGNETIC 

i MEASUREMENTS, WITH AN APPENDIX ON THE 

|i METHOD OF LEAST SQUARES. One volume. Crown 

g 8vo. cloth, 5x. 

PLANTfe (G.) THE STORAGE OF ELECTRI- 

I C AL ENERGY, and Researches in the Effects created by Cur- 

i rents combining Quantity with High Tension. Translated from 

^ the French by Paul Bedford Elwell. With Portrait, and 89 

f Illustrations. 8vo. pp. vii.-268, cloth, 12s, 
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Small crown Zvo, cloth. With many Illustrations. 

CQbittaker'js ILibrarp of arts^ Sciences, 
a^anufactuces ann BInDustries. 

MANAGEMENT OF ACCUMULATORS 

AND PRIVATE ELECTRIC LIGHT INSTALLA- 
TIONS. A Practical Handbook by Sir David Salomons, 
Bart., M.A 4th Edition, Revised and Enlarged, with 32 Illos- 
trations. Cloth, 3^. 

*' To lay that this book is the best of its kind would be a poor compliment, 
as it is practically the only work on accumulators that has been written."— 
Electrical Review. 

ELECTRICAL INSTRUMENT - MAKING 

FOR AMATEURS. A Practical Handbook. By S. R. 
Bottone, Author of ** The Dynamo," &c. With 60 Illustrations. 
Second edition. Cloth, 3^. 

ELECTRIC BELLS AND ALL ABOUT 

THEM. A Practical Book for Practical Men. By S. R. 
Bottone. With more than 100 illustrations. Cloth, 3^. 

PRACTICAL IRON FOUNDING. By the 

Author of " Pattern Making," &c., &c. Illustrated with over 
one hundred engravings. Cloth, 4J. 

THE PROTECTION OF BUILDINGS FROM 

LIGHTNING. A Treatise on the Theory of Lightning 
Conductors from a Modern Point of View. Being the substance of 
two lectures delivered before the Society of Arts in March, 1888. 
By Oliver J. Lodge, LL.D., D.Sc. F.R.S., Professor of Phy- 
sics in University College, Liverpool. 

Published with various amplifications and additions, with the 
approval of the Society of Arts. [Shortly^ 

ELECTRICAL INFLUENCE MACHINES: 

Containing a full account of their historical development, their 
modern Forms, and their Practical Construction. By J. Gray. 
B.Sc. [In pros. 

ELECTRICAL ENGINEERING IN OUR 

WORKSHOPS. A Practical Handbook. By Sydney F. 
Walker. [I^eady shortly. 

Others in preparation. 
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Cecfinological Dictionaries. 

ENGLISH AND GERMAN 
WERSHOVEN (F. I.) TECHNOLOGICAL. 

DICTIONARY OF THE PHYSICAL, MECHANICAL,. 
AND CHEMICAL SCIENCES. English and German. 
2 vols, cloth, 5^. 

ENGLISH— SPANISH. 

PONCE DE LEON. TECHNOLOGICAL DIC- 
TIONARY. English-Spanish and Spanish-English. Con- 
taining Terms employed in the Applied Sciences, Industrial 
Arts, Mechanics, Fine Arts, Metallurgy, Machinery, Commerce, 
Ship-building and Navigation, Civil and Military Engineering,. 
Agriculture, Railway Construction, Electro-technics, &c. 

Vol. I. — English-Spanish. 8vo. bound, £\ idr. 

Vol. II. — Spanish-English. \In preparation^ 

Post Svo, 814^. 10^. 6d, 
HOBLYN'S DICTIONARY OF TERMS USED 

IN MEDICINE AND COLLATERAL SCIENCES. ii/A- 
edition. Revised throughout, with numerous Additions. By- 
John A. P. Price, B.A., M.D. Oxon., Assistant-Surgeon to the 
Royal Berkshire Hospital. 

This new edition has undergone complete revision and emen- 
dation. Many terms, fallen more or less into disuse, have been 
omitted ; and a considerable amount of fresh matter has been* 
introduced, in order to meet the requirements of the present day.. 
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I ;W. demy \tc, tpiik 25 Dcmhlt amd 40 Sim^ Plaies^ £2, iQr. 

TECHIICAL SCHOOL ilD COLLEGE BUILDIH. 

Btim^ a Treatise 0m the Design and Construction eif 
Applied Science and Art BuUdimgs^ amd 
their suitable Fittings and 

WITH A CHAPTER ON TECHNICAL EDUCATIOK. 

By EDWARD COOKWORTHY ROBINS^ F.aA. 

OrTLiNE OF Contents. — Intrc»doctioD--£iigUsh and Foic^ 
Techniod Education — Analysis of the Seoood Repoit of die R091I 
CommissioDers on Tnchnical Education — ^Bnildiiigs for Applied 
Science and Art Instruction, with examples of Foreign and E^^ 
Boildings— Analr&is of the Fittings necessuy for tliese l^ii Llify . 
British and Foreign Examples of the Details of the Fittings — Hett- 
ii^ and Ventilation generally — Heating and Ventilatioa ifc^i^^ uu f y 
for Apphed Scienoe and Instruction &iildings — ^The Plannii^ of 
Bnildiogs for Middle Class Education — Samtaiy Scienoe — i^ipeD£x. 

FuU prtspectus pcstfrte em mppHca tim t^ 

** It -mnXi nvnpe «■ iadifipewakble voric of ici t icuuL to 
■uiMCcrs or tecksicml schooK. " —SpeitMti»r, 
"" A Most vahiahie ooacribataoa to arciiitectanl 



THE chehcal ualtsis of noi. 

A Coaar»lc:e Account «>:" all the Bes: Known Methods for the Anahrss 

m 

of Iron, Sieel, Ones, &c. 
By A. A, BLAIR, Chief Chemist, U.S. Geological Surcj, &c. 

Royal Svo. 14J. 



THE COKSTRDCTIOll, WOREHG AID UUGEIEIT OP 11 

ER6USH BilLf AT. 

By GEORGE FIND LAY, 

GcKi"^ A'aiRj^-r'- c/xhe LtnSrn and \rrik- Westeryg ^ax?mn. 

\V:TH NVMEE.OUS ILLVSTEATIONS. 
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iFamiliar Quotation Series. 

Cloth limp, IS. ; Half-bound, is. 6d. 

1. FAMILIAR LATIN QUOTATIONS AND PROVERBS. 

2. FAMILIAR FRENCH QUOTATIONS AND PROVERBS. 

3. FAMILIAR ENGLISH QUOTATIONS. 

4. A HANDY CLASSICAL DICTIONARY, for FamUy and 

School use. 

5. BIBLE TRUTHS WITH SHAKESPEARIAN PAREL- 

LELS, showing the indebtedness of Shakespeare to the 
Bible. 

6. A HANDY BOOK OF SYNONYMS, containing about 

33,000 English words. 

7. THE SECRETARY'S ASSISTANT AND CORRESPON- 

DENT'S GUIDE, showing the correct mode of addressing, 
by letter or otherwise, persons of every degree of rank. 

8. THE TOURIST'S FRENCH PRONOUNCING HAND- 

BOOK, giving the pronunciation for the use of travellers 
who have little or no knowledge of the French language. 

9. REASONS WHY WE BELIEVE THE BIBLE. By the 

Rev. James Copland, M.A. 

10. TALES FROM SHAKESPEARE. By Charles Lamb. 

11. A DICTIONARY OF DAILY BLUNDERS, correcting 

mistakes constantly made in speaking and writing. 

12. RASSELAS. By Dr. Johnson. 

13. ELIZABETH, OR THE EXILES OF SIBERIA. 

14. REJECTED ADDRESSES. By Horace and James Smith. 

15. A DICTIONARY OF ENGLISH PROVERBS. 

16. PLUTARCH'S LIVES OF ILLUSTRIOUS MEN, for 

Family and School use. 

17. DE QUINCEY'S OPIUM EATER. 

18. THE STORY OF THE NEW TESTAMENT. By the 

Rev. A. Carter, M.A. 

19. A HANDY DICTIONARY OF MYTHOLOGY, for every- 

day readers and for School use. 

20. MOORE'S IRISH MELODIES. 
:2I. MOORE'S LALLA ROOKH. 
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FAMILIAR QUOTATION SERIES— r<w/iifir^. 

TRIPLICATE VOLUMES, tocied and coloured edges, 

3X. each. 

1. HANDBOOK FOR WRITERS AND READERS (English). 

Comprising Dictionary of Blunders Corrected, 33,000 Syno- 
nyms, and Secretary's Assistant and Correspondent's Guide. 

2. REFERENCE HANDBOOK OF FAMILIAR QUOTA- 

TIONS, English, French, and Latin. 

3. LAMB'S TALES FROM SHAKESPEARE, RASSELAS, 

and ELIZABETH. 

4. REFERENCE HANDBOOK FOR BIBLE AND GENERAL 

READERS, comprising Story of the New Testament, Bible 
Truths with Shakespearian Parallels, and Reasons why we 
Believe the Bible. 

5. HANDBOOK FOR WRITERS AND READERS (Classi- 

cal), comprising Classical Dictionary, Plutarch's Lives, and 
Mythology. 



DUPLICATE VOLUME, Price 2s. 

Comprising TOURIST'S FRENCH PRONOUNCING HAND- 
BOOK, with PHRASES, etc. 



Specially Bound, and neatly arranged in a Box. 

Price 10s. 6d. 

THE 
MINIATURE REFERENCE LIBRARY, 

COMPRISING 9 VOLUMES OF THE ABOVE. 



1. Latin Quotations. 

2. French Quotations. 

3. English Quotations. 

4. Classical Dictionary. 

5. Book of 33,000 Synonyms. 



6. Secretary's Assistant and 

Correspondent's Guide. 

7. Dictionary of Blunders Cor- 

rected. 

8. Plutarch's Lives. 

9. Dictionary of Mythology. 



CHISWICK PRESS :— C. WHITTINGHAM AND CO., TOOKS COURT, 

CHANCERY LANE. 



